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An investigation into the substitution and photolytic rearrange-
ments of 1,2,3-triphenylcyclopropenes was conducted. 
Triphenylcyclopropenyl !-butyl ether was found to undergo alkyl 
group exchange with refluxing methanol, ethanol, or 2-propanol to 
yield the corresponding 1,2,3-triphenylcyclopropenyl alkyl ether when 
a trace impurity of a 1,2,3-triphenylcyclopropenium halide is present 
to catalyse the reaction. This forms hydrogen halide with solvent. 
Upon standing for long periods of time, the 1,2,3-triphenylcyclo-
propenyl ethers were observed to partially rearrange to new products. 
A sample of 1,2,3-triphenylcyclopropenyl methyl ether was subjected 
to photo~ysis in hexane and yielded 3-methoxy-1,2-diphenylindene, 2,3-
diphenylindenone, tolane, benzoic acid, 1,2,3-triphenylpropen-1-one 
and a polymer. 
Samples of 1,2,3-triphenylcyclopropene, 3-methyl-, 3-phenyl-, and 
3-benzyl-1,2,3-triphenylcyclopropene were prepared and subjected to 
photolytic rearrangement. Each product yielded the corresponding 3-
a lkyl- or 3-aryl-1, 2-diphenylindene, analogous to the 3-methoxy-1, 2-
diphenylindene obtained by photolysis of the methyl ether, except the 
triphenylcyclopropene which yielded isomers of 1,2,3,4,5,6-hexaphenyl-
tricyclo-[3,1,0,02'4] hexane. 
ii 
The 3-methyl-1,2,3-triphenylcyclopropene, upon photolysis, yielded 
the indene exclusively and was only partially isomerized after 68 hours. 
The 1,2,3,3-tetraphenylcyclopropene yielded 50-75% 1,2,3-triphenylindene 
and 5-20% of a second product identified as 13-phenyl-13-~-indeno 
[1,2-lJ phenanthrene. The parent cyclopropene was completely rearranged 
in 24 hours. The 3-benzyl-1,2,3-triphenylcyclopropene was completely 
rearranged in 24 hours and gave 47% of 3-benzyl-1,2-indene, a mixture 
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INTRODUCTION 
The reactivity of cyclopropane compounds was first postulated by 
1 Baeyer to be due to the distortion of the bond angle of the carbons 
involved in the cyclopropane ring from 109.5° to 60°. The cyclopro-
pane system behaves as if it were constructed of bonds which are, at 
least in part, ~ in character and have been postulated to overlap at 
0 
an angle distorted from the normal 90 to the axis joining the two 
. 2 
nuclei found in normal ~bonds. The ring strain caused by the dis-
torted bond angles results in chemical reactivity not characteristic 
of cycloalkanes of five or more members. In order to investigate 
the relationship between small ring compounds and their chemical 
reactivity, approaches to the synthesis of multiple cyclopropane 
systems were investigated. The first authentic example of this 
type, a bicyclobutane, was reported by Wiberg and Ciula. 3 The bi-
cyclobutane system consists of two cyclopropane rings fused together 
and sharing a common edge. The bridge carbon atoms have two of their 
bonds angles distorted from 109.5° to 60°. 
An even more strained system, a tricycle [1,1,0,0] butane or 
tetrahedrane was reported by Masamune and Kato,4 but was subsequently 
5 
retracted. Tetrahedrane consists of four cyclopropane systems, each 
sharing a common edge with the three other rings, and would be one 
of the most strained of this series. 
Since cyclopropenes offer a potential entry into the bicyclobu-
tane and tetrahedrane systems, several cyclopropenes were prepared 
and their reactivities were studied. The major focus of attention was 
on the photolytic reactivity of 3-substituted 1,2,3-triphenylcyclo-
1 
propenes. Samples of 3-alkoxy-1,2,3-triphenylcyclopropenes were found 
to undergo partial decomposition upon standing for long periods of 
time as indicated by color change and partial liquification of the 
material. Since the change occurred as the product stood, it was be-
lieved that the rearrangement was effected by light. It has been 
reported that phot9ysis of 1,2,3-triphenylcyclopropene yields pre-
dominantly 1,2,3,4,5,6-hexaphenyltricyclo [3,1,0,02 ' 4 ] hexane, and 
1 2 d . h 1. d 48,50 some , , ~p eny ~n ene • 
Thus an investigation was made into the reactivity of 3-methoxy, 
3-methyl, 3-phenyl, and 3-benzyl-1,2,3-triphenyl cyclopropene to deter-
mine whether similar reactions or totally different reactions occur 
with these compounds. In order to evaluate the influence of the sub-
stituent group at the 3-position an alkyl, an aryl, and an aryl sub-
stituted alkyl analog of the compounds were selected for study. 
2 
Exploratory approaches directed to the synthesis of the tetrahedrane 
system by closure of a bicyclobutane and by addition of a carbene 
attached to the 3-position of a cyc~opropene to the double bond of 
the three member ring are reported in the Appendix. 
REVIEW OF LITERATURE 
An extensive review of the chemistry of cyclopropenes was pub-
lished by Closs6a which follows an earlier, more limited review of 
6b the subject by Carter and Frampton. 
Numerous approaches have been employed in the synthesis of the 
cyclopropene system. Cyclopropenes are readily formed by a Favorskii 
like reaction on a,a.'-dibromoketones (rns 1,2). 7' 8 
HOH 














and by catalytic decomposition of a,dbisdiazoketones (rn, 3)~ 
0 









10 Reactions involving~ elimination in a cyclopropane (rn 4), 
H 
Ph J>CO~e - Ph~~e MeO 
• 
Ph I CO~e co 2Me -FINO Ph 2 
N0 2 
formation of an allyl carbene (rn 5,6),ll,l2 
(4) 
H 
CH =~-CH Cl 2 2 ¥ CH =C-CH 2 •• ... 
H H L(S) 
Rl /3 e R !3 hv l,c = 'c= c, 0Na ... 
R"' R/ 'c: 2 C=N-N-'lbs 2 
H H 
Rl = R2 = Ph, H 
R3 = Et 
and photolysis of 3H pyrazoles (rn 7) 13 
hv 
... 
Rl = R3 =Me, H 
R2 = R3 = -(CH2)5-
(7) 
4 
have been used successfully in the synthesis of cyclopropenes.· However, 
the most frequently appearing approach to the synthesis of members of 
the cyclopropene family involves addition of a carbene to an acetylene. 
Several families of cyclopropenes have been created by variation of 
the carbene employed. 
Cyclopropene hydrocarbons are obtained by either a diazomethane 
addition to an alkyne (rn 8) 14 or by reaction of an alkyl lithium and 
dichloromethane with dimethyl-acetylene (rn 9). 15 
5 
~ A (8) 
Me -'=\_Me 
H Cl 
Me-C:C-Me + MeLt + CH2c1 2 __,.,. X. MeLi ... Me~e 
H Me A (9) 
Me Me 
Dihalocarbenes react with acetylene to give 3,3-dihalocyclopropanes 
which may be hydrolyzed to cyclopropenones (rn l0).8,16,17,18,19 
X X 0 
R-c:c-R + :c~2 .. A HO A 2 ... - (10) 
R R R 
R = Ph, Me, _g-Pr, H 
Cyclopropenyl ethers are synthesized by the addition of the car-
bene formed from benzal chloride and potassium j:-butoxide to a triple 
bond. The reaction ·proceeds via the formation of a cyclopropenium 
chloride to which the t-butoxide ion adds (rn 11). 20 , 21 
Cyclopropene carboxylate esters are readily produced by copper 
catalysed thermal decomposition of a diazoacetate or diazomalo~ ester 
in the presence of an acetylene. (rns 12a,b,c) 
-HCl ...-
Rl'y<3 R2'1:: 




Rl =Ph, Me-o-c6H4-, 
R2 = Ph, Me O-C6H4-
R3 = H, Ph, Me O-C6H4-
H· 
Ph-C:CPh + N2t-co 2Et 
Ph 
I 
+ N ··C-CO Me 2 2 
.. 
H20 
r R -·e-el] 1 
H C0 2Et 
Cu PhAPh .., 1:::. 
Ph C0 2Me 










and the cyclopropenylnitrile is likewise prepared using pheny1diazo-
acetonitri1e (rn 13). 24 
~2 
Ph-c:c-Ph + Ph-C-CN 
-N 
2 .. ( 13) 
Acycyc1opropenes have been synthesized by reaction of the corres-
25 26 pending a~yldiazomethane with acetylene (rn 14a). ' However, the 
reaction fails in the case of benzoyl phenyl diazomethane (rn 14b). 
o N2 
II II 
R ~=c-R + R -C-C-R 1 - 1 2 3 
R1 = Ph, n-Bu 
R3 = H, Ph 
0 N 
11 n2 
Ph-c:CPh + Ph-C-C-Ph 
0 
II 
P1h.f\·Ph ( 14b) 
Ph Ph 
Many cyclopropene compounds readily form cyclopropenium cation 
7 
salts when treated with a strong Lewis acid. Boron trifluoride converts 
. 24 27 1,2,3-triphenylcyclopropenylnitrile to a cyclopropen~um salt (rn 15) ' 
and perch1oric acid or fluoroboric acid accomplishes the same result 
with cyclopropenecarboxylic acids (rn 16). 28 , 29 , 30 
Ph CN 
PhAPh 
( CH3-q=o) 2-o 
Ph 




Hydride abstraction from cyclopropene hydrocarbons has been similarly _ 
28 31 
successful ( rn 17). ~ 
AR H Ph@ '3 
or 




A / R R = Ph, n-Pr R ( 17) 
Cyclopropenyl ethers are an equally suitable source of cyclopropenium 
. 20 21 ~ons ( rn 18) . ' ABu 
R2 R2 
HBr 
R1 = Ph, H 
( 18) 
R2 = Ph,lrMe-O-C6H4 
8 
9 
The di- and tri-substituted cyclopropenium bromides exist essentially in 
the ionic state. The system has (4n + 2) :n: electrons, where n = 0, and 
is essentially aromatic. - 28 Breslow, Hover, and Chang found that the 
tripropylcyclopropenium ion is more stable than the triphenylcyclo-
propenium ion and thereby concluded that there is little stabilization 
of the cyclopropenium ion by donation of phenyl :n: electrons through 
resonance because such donation would interrupt the aromatic resonance 
in the cyclopropenium ring. 




The greater stability of the tripropylcyclopropenium ion was attributed 
to the fact that the propyl group has a greater ability to induct 
electrons toward the three member ring through the sigma bonds, thereby 
stabilizing the cation better. Further evidence that the phenyl 
groups do nbt. donate. :n: electrons to the cyclopropenium nucleus in 
triphenylcyc~opropenium ions is given by the fact that there is little 
carbon-13 nmr shift in the phenyl rings. 32 If the electron density of 
the rings were reduced by such resonance, the spectrum should be shifted 
appreciably. Furthermore, the carbon-13 shift in the cyclopropenium 
ion itself indicates that the system has aromatic character. 33 
Cyclopropenium i.ons will react with numerous species with a free 
electron pair to form cyclopropenyl compounds. In the presence of 
water or an alcohol, the corresponding alcohol or ether is formed in 
10 
equilibrium with the cyclopropenium ion. (rn 19,20) 24 , 27 , 28 The alcohol 
itself has not been isolated as it reacts with more cation to form the 
bis-cyclopropenyl ether in acid solution and opens to the ~' ~-unsatur-
ated ketone in strongly basic solution (rn 19). 
R = Ph n-Me-0-C H 
,....., 6 4' 
R R OR' 
.. ARORA 
/R~o~ 
otf=> n-~ 0 R R 0 I I R-C-C=C-H 
R = Ph, ,n-Pr 
(19) 
( 20) 
Reduction of a cyclopropenium salt'with lithium aluminum hydride 
28 yields the corresponding cyclopropene and reaction with an organa-
metallic produces coupling with the cation to form a substituted 
cyclopropene. (rn 21).15,34 
A LiAlH4 A Rl = !.!;,-Pr, Ph Rl- Rl A R2 = E-Pr, 
Ph, H ( 21) 
Rl Rl R3MgX R3 = Me, !!;"Pr, Ph 
or ~ Rl 
R3Li 
Reaction of the triphenylcyclopropenium ion with sodium cyanide 
(rn 22) 27 or sodium azide (rn 23) 35 , 36 yields the respective nitrile 
or azide. The nitrile is stable, but the azide undergoes ring attack 
11 
to form triphenyltriazine at a moderate rate at room temperature. 
( 22) 
i.h + N3 e_ .... .,...,. . Ph" N3 room., Ph~ 





Subsequent photolysis of the triazine forms tolane and benzonitrile. 
The nitrile of triphenylcyclopropene~ however, upon treatment 
with phenyl lithium, forms an imine anion which attacks the three-
36 
member ring and expands it to a pyrrole (rn 24). 
A r Ph l.e 
PhLil A 
--~-.... 
Ph CN ~h - Ph 
Ph Ph 
--..'fP Ph~ Ph 
H 
(24) 
A similar reaction is observed with the oxygen analog of the imine if 
the temperature is 60°, but the ring expansion does not occur at 0°. 
Addition of phenyl cadmium chloride to diphenylcyclopropenylcarboxyl 
chloride yields diphenyl benzoylcyclopropane at the lower temperature 
and triphenylfuran at the higher (rn 25), The former product is not 
converted to the latter with heat. 36 
0 











Acetyl-3-methylcyclopropene opens to a furan wi~h heat (rn 26) and di-
phenylcyclopropenecarboxylic or dicarboxylic acid opens to a five-
b 1 . . "1 ' . ( 27) 10,22 mem er actone Ln SLm1 ar reactLons rn • 
130-140° 
~H 







The hydrazone of benzoyl triphenylcyclopropene has not been isolated 
because it likewise opens the ring by attack by the terminal nitrogen 
electrons on the ring under conditions which are employed to form the 
hydrazone (rn 26). 36 , 37 The dihydropyradiazine is formed and is air 




Upon reduction, cyc1opropenium ions form a cyclopropenyl radical 
which may dimerize. The triphenylcyclopropenium ion yields bis-tri-
phenylcyclopropene (rn 29) but the diphenylcyclopropenium ion forms 
tetraphenylbenzene (rn 30). 38 , 39 The tetraphenylbenzene is similarly 
observed when diphenylcyclopropenium ion is treated with hydride ion, 40 
but 1,2-diphenylcyclopropene is formed if sodium borohydride is used 
(rn 31). 41 
.Ph 
A I Ph h 0 Phk---:4Ph -M-e-~-N--1..,• Ph I Ph Ph Ph (29) 
H A ~ Ph Ph Ph 0 eO ~ · H MeCN., 0 + ~ N-C-Me 
Ph Ph Ph~Ph Ph~ H (30) 
Ph Ph 
_.l('f Ph~ Ph (31) 
14 
Upon pyrolysis or photolysis of Bf!-cyclopropenes, benzene deriva-
tives form via a mechanism postulated to involve formation of a prismane 
and a bicyclohexadiene (rn 32). 42 ' 43 Treatment of the starting material 
with sodium azide yields the same products by a differently postulated 
mechanism. 34 , 44 
Ph Ph R R 
Phi!I Ph . P)(Xh 
Ph Ph ..__. I I 
~ Ph~h --Ph t I Ph Ph . Ph 
.... R R 
or 
hv 
· ~ Ph Ph 
R RI!I Ph R x;c Ph Ph 
R I I Ph~R I : h (32) 
Ph Ph 
0 NH2 1 
NH Hti Ph~Ph R Ph R Ph I __... .. I I 
Ph 0 Ph R Ph R e Ph Ph 
R = H, Ph 
A similar reaction is observed with the thermolysis or photolysis of 
~-diphenylcyclopropenyl ether (rn 33). 29 
Ph't-- O -<:[Ph 






Ph0Ph ( 33) 
~Ph 
Ph 
Similarly, photolysis of ~-triphenylcyclopropenyl sulfoxide yields 




y-s~ hv· .. ::;..-'1 P:¢Ph (34) Ph ~ Ph 
Ph Ph 
Ph 
Photolysis of monocyclopropenes has produced yaried results which 
depend on the structure of the cyclopropene. Acylcyclopropenes, upon 
treatment with ultraviolet light, yield ben?ene derivatives with loss 
of the acyl group, and tricycle [3,1,0,02' 4] dimers of cyclopropenes 







Ph Ph I C=O 
I 
C=O 










Photolysis of 1,3,3-trimethylcyclopropene yields a similar tricycle-
h d . 47 exane 1mer. Triphenylcyclopropene yields, in addition to the tri-
cyclohexane dimer,48 , 49 diphenylindene by an internal rearrangement 
50 (rn 36). Formation of indenes from triphenylcyclopropenes have 
similarly been effected by acid catalysis (rn 37), 51 reaction with 
52 . . 53 
carbenes (rn 38), or thermolys1s (rn 39). Photolytic rearrange-
ment of 1,2,3-triphenylcyclopropenyl ethyl ether similarly yields 
indene system products (rn 40). 54 
Ph Ph 
HKtt>h w:b hv Ph . H 
Ph Ph H Ph 
A iiE> . H p~ ~b -~ . . ~. Et)H Pj-:Hti Ph Ph Ph H 
Ph Ph 
N2co2Et · 
H ~ CR: + h or H . . Ph 
CC12 
h Ph 
----•~ ~Ph Ph R [ R l A 6 .. ~~J 
Ph Ph · . 
VVPh 
H Ph 





OEt Q:lPb + 
H Ph 
H 

















Photolysis of 2,3 unsaturated ketone tosyl hydrazone salts yields 
. 12 
cyclopropenes, some of which similarly rearrange to indenes (rn 41). 
R /3 :.. hv 
·A+ R2 1:-...c = C'c=N-NTos ~ (41) R, 2 I R3- 4 R3 R4 R R4 
Rl = Me, Ph R3 =Me, Ph, H 
R2 = Me, Ph R4 =Me, Ph, H 
Thus, the internal rearrangement to an indene frequently occurs with 3-
phenylcyclopropenes. Photolysis of the cyclopropene may produce either 
internal rearrangement to the indene or photodimerization to either the 
benzene derivative or the tricyclohexane. No definite pattern has yet 
been established to predict the products of cyclopropene photolysis. 
RESULTS AND DISCUSSION 
A. REACTIONS OF TRIPHENYLCYCLOPROPENYL AlKYL ETHERS 
20 Breslow and Chang report that the reaction of tolane (l) with 
phenylchlorocarbene, synthesized by the reaction of benzal chloride 
with potassium!-butoxide, yields triphenylcyclopropenium chloride(~) 
which reacts with additional t-butoxide ion to form 1,2,3-triphenyl-
cyclopropenyl !-butyl ether (1) (rn 42). Treatment of the reaction 
solution of ether 1 with water converts it to bis-1,2,3-triphenylcy-
clopropenyl ether(~). Treatment of either 1 or~ with HBr yields 
ionic 1,2,3-triphenylcyclopropenium bromide (z). 
Ph-c:c-Ph + Ph-C-Cl 
1 




Ph 0 ~I Ot>Bue 








The synthesis of !~butyl ether ~ and cyclopropenium bromide 1 by Breslow 
and Chang's method was repeated. Recrystallization of the !-butyl ether 
1 from 5% benzene-hexane, as was done by Breslow, yielded the product 
in a state of purity of mp 140-142.5° (reported 142.5-144°). 20 The 
ether 3 at this stage of purification was found to react with methanol, 
ethanol, or 2. -propanol to give the respective 1,2,3-triphenylcyclo-
o 0 27 propenyl methyl ether (i), mp 69-70 (reported mp 69-70 ), ethyl 
ether (2), mp 127-128° (reported mp 121-122°),55 or iso-propyl ether 
(~), mp 102-103°. 
Each ether, i' 2, or~' has a peak in the infrared spectrum at 
. hexane 5.5~ (KBr), and an u1trav~o~et absorption at ~x at 223, 230, 
a shoulder at 289, 301, and 319 m ~which was also characteristic of 
the ~-butyl ether 3. Each product displays a broad aryl multiplet at 
2.6T in the nmr pattern. The methyl ether..§. displays a singlet at 
6.77T (3H) corresponding to a methoxy group and a multiplet at 2.6T 
(15H) corresponding to three phenyl groups; the ethyl ether 1 displays 
a triplet at 8.8T (3H) corresponding to a methyl group with two adja-
cent protons, a quartet at 6.4T (2H) corresponding to a methylene 
group with three adjacent hydrogens, and a multiplet at 2.6T (15H) 
corresponding to three phenyl groups; and the iso-propyl ether 8 
shows a doublet at 8.8T (6H) corresponding to two methyl groups with 
19 
an adjacent proton, a multiplet at 6.2T (lH) corresponding to a methine 
hydrogen, and a multiplet at 2.6T (15H) corresponding to three phenyl 
groups. 
The ethers formed by alcoholysis were found to undergo subsequent 
alkyl exchange when refluxed with another alcohol. Thus, the ethyl 
ether 7 was found to undergo alcohol exchange with methanol or 2.-: . · 












R =Me, Et, i-Pr 
R' =Me, Et, i-Pr 
If the !-butyl ether 3 is recrystallized several times from diethyl 
ether or if it is treated with diethylamine, it becomes inactive 
toward alcoholysis. The addition of KCl to the alcoholic solution 
does not reactivate the ether exchange. Therefore, KCl, formed during 
the synthesis of the !-butyl ether~' does not catalyse the exchange. 
If, however, HCl or cyclopropenium bromide 5 is introduced into the 
alcoholic solution, the exchange resumes. A test was made to deter-
mine if residual amounts of benzal chloride, a starting material in 
the synthesis of the !-butyl ether ~' hydrolyzed in the alcohol to 
give HCl which could catalyse the reaction. A small amount of benzal 
chloride was introduced into an 2 -propanol solution of highly purified, 
unreacted !-butyl. ether ~· Reflux of the solution for 1 hr effected 
60% conversion to the ~-propyl ether .§., but the rate is much slower 
than it is when the untreated ether is catalysed by introduction of HCl 
or triphenylcyclopropenium bromide 2_. Thus, while benzal chloride is 
partially hydrolized and does catalyse the exchange, it does not do so 
rapidly enough to explain the rapid alcoholysis that is usually observed. 
The catalytic effect of .either HCl or 1,2,3-triphenylcyclopropenium 
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bromide (i) suggests that traces of 1,2,3-triphenylcyclopropenium 
chloride, analogousto bromide 2 and an intermediate in the synthesis 
of the _!-butyl ether ,l, is present in small amounts in the ether. This 
catalyses the exchangeby reaction of 1,2,3-triphenylcyclopropenium 
chloride with the solvent alcohol generating the corresponding ether 
and HCl. The HCl cleaves a molecule of the _!-butyl ether to _!-butanol 
and another molecule of 1,2,3-triphenylcyclopropenium chloride to 
begin the cycle again (rn 44). Thus all the t-butyl ether 1 is con-
· verted to the other ethers because of the excess of the corresponding 
alcohol. This type of reaction is not unexpe,cted since strong acids 
are known to cleave ethers. This type of reaction can be used as a 
general reaction. for the preparation of the cyclopropenyl alkyl ethers. 








_RO_H---1.... A+ H c 1 
Ph Ph 
Reaction of triphenylcyclopropenium salts with alcohols to give the 
. 24 27 28 
respective ethers has been reported. ' ' 
(44) 
'· 
An ether solution of highly purified, non-exchanging _!-butyl ether 
3 was found to be unreactive with water, thereby suggesting the con-
version to ~-1,2,3-triphenylcyclopropenyl ether (~) reported by 
20 Breslow and Chang, is catalysed by 1,2,3-triphenylcyclopropenium 
chloride (1) and proceeds through a 1,2,3-triphenylcyclopropenol inter-
mediate (i) (rn 45). 
Ph 
A cl:J 






9 + H cl· 
Upon standing for several weeks, pure, white, crystalline samples 
of the four ethers, 1, ~' z, and~' were found to become partially 
liquid and light orange in color. The change in the character of the 
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products suggests that they may be photolabile and may undergo photoly-
tic rearrangement upon prolonged exposure to sunlight or artificial il-
lumination. An investigation was made using a high-energy light source 
on a bexane solutfon of 1,2,3-triphenylcyclopropenyl methyl ether(~). 
A 450 watt Hanovia lamp in a quartz immersion well was utilized for 
the photolysis~ A yield of 15% 3-methoxy-1,2-diphenylindene (10); 
3.5% tolane (l); 3.5% benzoic acid (l!); 3% 2,3-diphenylindenone (12); 
a trace of 1,2,3-triphenylpropen-1-one ( 13); 15% of a polymer, mw 910; 
and 22% unresolved viscous oils were obtained by extraction, fractional 
crystallization, and chromatography of the product on silicic acid 
(rn 46). 
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Ae (Jt:J(Me 0 hv I II .. + Ph-C-OH 
Ph Ph h H Ph 11 
6 10 
+ Ph-c:c-Ph 
Ph 1 ( 46) (Jr:J: + 0 + H II 




Compounds l• 10, ~. and 11 were identified by undepressed mixed melt-
ing point and infrared spectrum comparison with authentic samples. The 
methoxyindene 10 exhibits an ultraviolet Ahexane of 311 m ~' EM = 4.8 x 
- max 
104 . The analysis corresponds to the assigned structure 10. The nmr 
spectrum shows a singlet at 6.24T (3H) corresponding to a methoxy group, 
a singlet at 5.37T (lH) corresponding to a benzylic proton, and a 
multiplet at 2.9T (14H) cor.responding to two phenyl groups and a benzo 
group. 
The indene 10 is postulated to form by rupture of the c 2-c3 bond of 
the cyclopropene ring to form a diradical followed by radical attack on 
the benzene ring at the 3 position of the cyclopropene followed by a 
hydrogen radical migration (rn 47). 
A~ Ph OMe OMe hv L ~ ... ___... -Ph Ph Ph 6 Ph Ph H 
6.a ( 47) 
OMe ([Jm1e (tg • Ph Ph 
H Ph H • Ph 
10 
Free radical extraction of the 1- proton followed by loss of a 
methyi radical ~eads to formation of the 2,3-diphenylindenone (12) 











10 J (48) 
12 
24 
Abstraction of a hydrogen .radical by the diradical intermediate of 
the initial rearrangement followed by loss of a methyl radical yields 
the 1,2,3-triphenylpropen-1-one (13) (rn 49). 
Ph OMe 
L (49) 
Ph Ph 13 
24a 
The diradical intermediate 6a is similiar to the'diradical intermediate 
expected from the ·photochemical decomposition of the 1,3-dipole addition 
dd f d . h ld" h d d" h 1 1 d" b 1 119 a uct o ~p eny ~azomet ane an ~met y acety ene ~car oxy ate. 
This adduct looses nitrogen giving a similiar diradical which in turn 
goes on to the corresponding dimethyl-3-phenylindene-1,2-dicarboxylate. 
hv (49a) 
D•• 12 1 urr postu ates a similiar diradical intermediate when the sodium 
salt of a 3,3 diphenyl-propenone. tosylhydrazone is photolysed to form 
indenes ( rn 41). The conversion of the 1,3 bond to a diradical ma:Y" 
occur directly or .by excitation,of·. the 1t bond to a 1,2 diradical follow-
ed by an ~lectron shift from 'the 1,3 bond to form a 1,2 ~ bond and a 
1,3 diradical (rn 49b). 
The indene 10 was hydrolyzed with HI to 1,2-diphenylindanone which was 
identified by tindepressed melting point and infrared spectrum compari-
sons with an authentic sample. Thus, the basic indane structure is 
established. The hydrolysis product, the nmr spectrum displaying 3 
methoxy protons, 1 allyl proton, and 14 aryl protons, and the an-
alysis all support the assigned structure of 10. 
The approximately equal yields of tolane and benzoic acid suggest 
that both of the products may arise from the same reaction.' Since 
1,2-diphenylcyclopropenone undergoes photolytic decomposition to form 
carbon monoxide and tolane, 56 it is reasonable to suggest that a 
similar reaction may occur with photolysis of 1,2,3-triphenylcyclopro-
penyl methyl ether yielding to~ane and phenylmethoxycarbene ~ .·The 
carbene could attack the oxygen of another ether molecule followed 
by photolytic fragmentation to a carboxylic radical which extracts a 
proton from the solvent or other reactant present to form benzoic 
acid (rn 50). 
Ph OMe 
A 
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An alternate mechanism.may involve rupture of the methyl-oxygen bond 
first followed by a benzoyl radical intermediate which could attack 
the oxygen of another ether to fragment to a benzoate radical and 
extract a proton (rn 51). 
PAe [A~ 0 hv [ Ph-c...;o• J [Ph-!• J • ...... -CH• 3 Ph Ph Ph Ph + 
6 Ph-c:c-Ph 1 
Ae (51) Ph I 
PAPJ 
C=O 
[ ~ J I Ph- Pl;l -Me' ·0-Me Ph-C-O• ... A + H• 
L Ph- Ph 0 II Ph-C-OH polymer 
11 
No dimer of the phenyl me.thoxycarbene postulated in rn 50 was iso-
lated from the reaction solution. Likewise, no methyl benzoate, which 
might arise from fragmentation of the intermediate after phenyl methoxy-
carbene attacks the oxygen of another ether ~ molecule, was isolated 
from.solution. Thus, rn 50 is less favorable than rn 51 to explain 
the formation of tolane (1) and benzoic acid (11). 
Other possible product~ of the phctolysis of the methyl ether i 
are cis and trans 1,2,3-triphenylbut-2-en-1-one (14), arising from 
- . -
rupture of the c1-c3 bond of the cyclopropene ring followed by methyl 
radical migration from the oxygen to the 3-carbon by the following 








. 57 58 These were prepared by a l~terature method, ' ·but no products 
identical to these were isolated from the photolysis mixture.· 
(52) 
Several unsuccessful attempts were made to synthesize 3-methoxy-
1,2-diphenylindene (10) by reaction of 2,3-diphenylindanone (12a) with 
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methanol and sulfuric acid, with 2,2-dimethoxypropane and 2-toluenesul-
fonic acid, and with diazomethane. In each case starting material 
wa.s isolated; no :product:was·obtained •. Reaction of 2,3-diphenylin-
danone (12a) with sodium hydride followed by methyl iodide gave 2-







Mel ~Ph ---.•~ Me ~ 11. l?h (53) 
0 
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The infrared spectrum displays an absorbance at 5.9~ indicating a 
carbonyl is present. 'The nmr analysis of the product shows a singlet 
at 8.25T (3H) corresponding to a methyl group, a singlet at 5.5T (lH) 
corresponding to a benzyl proton, and a broad multiplet at 3.1T (14H) 
corresponding to two phenyl groups and one benzo group. The analysis 
corresponds to the structure assigned. Thus, the nmr analysis show-
ing three methyl protons, one benzyl protons. and 14 aryl protons and 
the analysis results combined with the carbonyl frequency of 5.9~ in 
the infrared analysis confirm the fact that C-alkylation rather than 
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a-alkylation occurred and that the product is the indanone 15. None of 
the methods attempted in the synthesis of the methoxyindene 10 yielded 
the desired a-alkylation product. 
The photolability of the ethers was recently confirmed in a report 
. 54 . by Monahan, Freilich, and Fohg which appeared after this work was 
' 
completed. The article stated that 1,2,3-triphenylcy~lopropenyl ethyl 
ether (l) in a benzene solution rearranges under 3500 .R. light to yield 
70% 3-ethoxy-1,2-diphenylindene, lOa; 10% 2,3-diphenylindanon~ (12a) .; 
and a trace of 2,3-diphenylindenone (12) (rn 54). 
Ph aEt 
A OEt w.H 0:/Pb hv Q:!fPh .... + Ph + Ph 
Ph Ph H Ph H 
0 a (54) 
7 lOa 12a 12 
The rearrangement of 1,2,3-triphenylcyclopropenyl methyl ether (~) to 
3-methoxy-1,2-diphenylindene (10) was briefly described at a recent 
American Chemical Society meeting59 after the laboratory portion of 
this work was completed. A similiar mechanism was proposed. 
B. PHOTOLYSIS OF 3-ALKYL AND 3-ARYL TRIPHENYLCYCLOPROPENES 
48 Deboer and Breslow report that photolysis of 1,2,3-triphenylcy-
clopropene ~ ( 16) prepared by lithium aluminum hydride reduction of 
1,2,3-triphenylcyclopropenium ion, yields dimeric 1,2,314,5,6-hexaphenyl-
tricyclo [3,1,0,02 ' 4 ] hexane, 17. Dtirr50 reports two .isomers of the 
hexaphenyltricyclohexane 17 in 26% yield and 1,2-diphenylindene,.(18) in 




















. The photolysis of 1,2,3-triphenylcyclopropene (16) was repeated using 
a 450 watt Hanovia lamp surrounded by a pyrex jacket and placed in a 
quartz immersion well. This was placed into a reaction vessel con-
taining the solution of the triphenylcyclopropene ]2 in hexane in 
order to determine if the photolysis equipment used for the reactions 
described in this paper gave results similar to those reported. Under 
the conditions used during a 24-hr photolys.is, a 32% yield of dimer 
0 11, mp 308-328 was formed and precipitated from solution. This is 
analogous to the high-melting range of 318-326° reported by Di.irr50 for 
the isomers of 12. before separation by chromatography. This demon-
strates that the dimer is formed in the apparatus and under the con-
ditions used for the photolytic investigations. Chromatography of the 
residue on silicic acid failed to isolate any 1,2-diphenylindene (18). 
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The chromatography yielded 5% starting material and 15% of an unidenti-
fied viscous oil. The remaining product was not eluted from the column. 
An investigation was subsequently made into the photolytic behavior, 
under like conditions, of 3-methyl, 3-phenyl, and 3-benzyl-1,2,3-tri-
phenylcyclopropenes, 1:2., 20, and 21, to compare the reactivity of and 
the products from alkyl, aryl, and 'aryl. substituted 'alkyl-substituents 
at the 3-position of the triphenylcyclopropene. 
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A sample of 3-methyl-1,2,3-triphenylcyclopropen£! (19) was prepared 
by reacting methylmagnesium bromide with 1,2,3-trip~enylcyclopropenium 
bromide (2)~4 A 2.0 g sample of the cyclopropene 19 was photolysed in 
hexane for 24 hr using a 450 watt Hanovia. lamp surrounded with a pyrex 
filter inside a quartz immersion well. Crystallization of the residue 
from 5% benzene-hexane solution yielded 0.8 g of 3-methyl-1,2-diphenyl-
indene ( 22) ( rn 56). Recrystall~ion f:1:pm diethyl ether gave the 
0 . 0 60 product, mp 88-90 (reported mp 90-91 ). The product was identified 
by undepressed mixed melting point and identical infrared spectrum 
comparisons with an authentic sample prepared by treatment of 2,3-
diphenylindanone (12a) with methylmagnesium bromide followed by 
60 dehydration (rn 57). 
Ph Me Ph Me Me Me 
A hv k w (tJ. .. ___... __. Ph Ph Ph Ph Ph Ph H Ph Ph 
19 19a 
Ph H Me 
~-MeMgB~~Ph 
~h ~Ph 


















The nmr spectrum of the product shows a slightly-split resonance that 
could be a doublet at 7.73T (3H, J = 2Hz) corresponding to a methyl 
group, a possible multiplet at 5.30T (lH) corresponding to a benzyl 
proton, and a multiplet at 3,1T (14H) corresponding to two phenyl 
groups and one benzo group. The separation of the first two reson-
ances was not adequate to fully analyse the splitting in the spectrum. 
While the apparent small splitting of the methyl and allyl proton 
resonances could suggest that 1-methyl-2,3-diphenylindene (22a) might 
60 be a better assignment for the product, that compound is reported to 
be synthesized by reaction of 3-methyl-2-phenylindanone (12b) with 
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phenylmagnesium bromide followed by dehydration of the resulting alcohol 
with 2% sulfuric acid (rn 58). The melting point of 22a is higher than 
tb.at of the 3-methyl isomer~· If product 11 were isomerized to 
product 22a by 2% sulfuric acid when it is synthesized from indanone 
12a, then it should be identical with the product synthesized from 
indanone 12b. Since it is a different product, the assigned structure 
of 3-methyl-1,2-diphenylindene must be correct. 
The residue from the photolysis of 19 was only partially separated 
by chromatography on silicic acid to yield some starting material and 
a viscous oil. The nmr analysis of the viscous oil exhibits a pattern 
32 
similar to the starting material 19 with the product indene 22 super-
imposed on top of it. It was concluded that the material was a mixture 
of the identified indene 22 and starting material 19. 
The photolysis was repeated using no pyrex filter on the lamp. It 
was run for 68 hr to determine if use of the more energetic wave lengths 
of light below 350 m ~ which are filtered out by Pyrex and a longer 
reaction time would bring the reaction to completion. Crystallization 
of the product from 5% benzene-hexane yielded 1.4 g of 3-methyl-1,2-
diphenylindene (22). The residue was chromatographed to yield another 
0.3 g of a viscous oil whose nmr spectrum again suggests that it con-
sists of a mixture of starting material 19 and the indene 22 in approxi-
mately equal yields. Thus, the reaction is still incomplete after 68 
hr of photolysis with no filter indicating that the filter does not 
appreciably alter the course or the rate of the photolysis. No products 
other than the starting material 19 and the indene 22 were identified 
in the reaction products. No evidence of dimerization to a tricyclo-
hexane was found. 
The photolysis of 1,2,3,3-tetraphenylcyclopropene (20) was next 
investigated. A sample of 20 was prepared by coupling phenylmagnesium 
bromide with triphenylcyclopropenium bromide (1). The resulting pro-
0 duct, upon recrystallization from ether, melts at 176-177 (reported 
0 61 
mp 177-178 ). A 2.0 g sample of the tetraphenylcyclopropene 20 was 
photolysed in hexane for 24 hr using a 450 watt Hanovia lamp surrounded 
by a pyrex filter in a quartz immersion well. Fractional crystalliza-
tion of the product from 5% benzene-hexane yields 100 mg, 5% of a solid, 
~' mp 196-201 dec, followed by 1.5 g 1,2,3-triphenylindene (~). 
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The indene 24 was recrystallized from ether, mp 128-130° (reported mp 
133-134°), 60 undepressed when mixed with an authentic sample of indene 
24. The authentic indene 24 was prepared by reaction of phenylmagnesium 
bromide with 1,2-diphenylindanone (12a) followed by dehydration. 60 
The higher melting product 23 was recrystallized from ether and 
analysed. The analysis suggests that the product is monomeric and has 
two hydrogens less than the starting material. The nmr spectrum exhibits 
a singlet at 4.8T (lH) corresponding to a benzyl proton and a multiplet 
at 2.8T (17H) corresponding to one phenyl and three benzo rings. The 
ethanol 
ultraviolet spectrum shows A 
''max 
4 EM= 3 X 10 , and 336 m ~' EM= 2.5 
4 
at 247 m ~' EM = 6 x 10 , 321 m ~' 
x 104 and shoulders at 263 and 278 
m ~· Recrystallization of the product from 50% toluene-ethanol yields 
0 
white needles, mp 205-208 (slight decomposition). The most logical 
structure would be 13-phenyl-13-H-indeno [1,2-lJ phenanthrene (23). 
The phenanthrene 23 is reported to melt at 210-211° 63 and at 212-
2130.64 The reported ultraviolet spectrum is ~~anol 247m~' EM= 
8 x 104 , 322m~ EM= 3 x 104 , and shoulders at 263 and 278m~- It is 
assumed that the region between 330 and 340 m ~ was not scanned by 
Fuson64 since he does not report an absorbance at 336 m ~· 
The following proposed mechanisms would lead to the indicated 
products (rn 59,60). A similiar abstraction of hydrogen by molecular 
120 
oxygen and ultraviolet light was reported fbr the conversion cis-
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The reaction was repeated with no pyrex filter and no nitrogen 
purge during the photolysis. The reaction yielded 0.4 g of phen-
anthrene 23 and 1.0 g of indene 24. Parallel experiments with and 
without the pyrex filter indicate that the presence of the filter has 
little effect on the course of the reaction. The fact that the yield 
of the former compound was appreciably higher when the reaction was 
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run without a nitrogen purge suggests that oxidation by molecular oxygen 
may be involved in the formation of phenanthrene 23. 
The analysis of product 23 corresponds to the assigned structure. 
Anal. Calcd for c27H18 : C, 94.70; H, 5.30; mw, 342. Found: 
C, 94.48; H, 5.42; mw, 36.5.±5'~ 
In each of the reactions, no starting material was isolated from 
the reaction residue. Therefore one may ass~me that 24 hr was adequate 
to completely rearrange the tetraphenylindEme 20, unlike the methyl-
cyclopropene 19 which was not completely rearranged to the indene or 
other products after 68 hr of photolysis. 
The phenanthrene product 23 was suggested in a recent American 
Chemical Society meeting as being a product of photolysis of tetra-
62 phenylcyclopropene 20. Tetraphenylpropyne was reported to proceed 
to tetraphenylcyclopropene under photolysis and the latter product is 
further converted to 1,2,3-triphenylindene (24) and a product assigned 
the structure of the phenanthrene ~· This was reported after our 
laboratory work was completed. 
The photolysis of 3-benzyl-1,2,3-triphenylcyclopropene (1!) was 
similarly investigated. The benzylcyclopropene 21 was prepared by 
coupling benzylmagnesium chloride with 1,2,3-triphenylcyclopropenium 
bromide (1)· · The product was crystallized from 10% benzene-hexane and 
recrystallized from diethyl ether. 
A solution of benzyltriphenylcyclopropene 11 in hexane was photo-
lysed using a 450 watt Hanovia lamp, a pyrex filter, and a quartz 
immersion well for 24 hr. The residue was crystallized from 10% benzen~ 
hexane to yield 0.7 g 3-benzyl-1,2-diphenylindene (26) and was re-
crystallized from diethyl ether, mp 116.5-118° (reported mp 118.5-
119.50).65 The nmr of the indene displays a singlet at 5~82T (2H) 
corresponding to two benzylic hydrogens of the benzyl group, a singlet 
at 4.98T (lH) corresponding to the benzylic hydrogen of the indene, 
and a multiplet at 2.7T (19H) corresponding to three phenyl groups 
and a benzo group. The indene ~ was identified by mixed melting 
point and infrared spectrum comparison with an authentic sample of the 
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indene 26 prepared by photolysis of desoxybenzoin, 28, to the respective 
pinacol, 29, 66 followed by dehydration with acetyl bromide to indene 
2665 ( rn 61) 
?I hv ~~H 
2Ph-{;-CH Ph . ._.. Ph-C-C-Ph 
2 '"''ck 
'f2 I 2 







The reaction was repeated using cyclohexane andthe solvent to 
determine if the non-indene residue was composed of products that were 
formed by insertion of radical intermediates into the solvent molecule 
carbon-hydrogen bonds. Crystallization of the reaction product from 
hexane yielded 0.8 g of 3-benzyl-1,2~diphenylindene (~). The residue 
was chromatographed on silicic acid to yield another 0.1 g of the 
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indene 26 and~· 0.8 g of a viscous oil, 27. The center fraction of 
the oil was analysed by nmr spectroscopy and showed a singlet at 3.21T 
and 3.12T indicating vinyl protons and a multiplet at 2.7T indicating 
aryl protons. The resonances overlap so that no integral ratios are 
possible. No resonance characteristic of a cyclohexyl group was 
observed. hexane The ultraviolet ~x was 285 m ~· The fraction was 
rechromatographed and the center fraction was.sent for analysis. The 
analysis shows that the product is monomeric and is isomeric with the 
starting material. 
Anal. Calcd for c28H22 : c, 93.82; H, 6.18; mw 368. Found: 
C, 93.90; H, 6.06; mw, 345. 
The photolysis was repeated again using hexane as the solvent. A 
comparison of the resonance int~gral at 5.92T (benzyl protons) and at 
4.88T (benzylic proton) with the resonance of the aryl protons at 2.7T 
suggests that~· 47% of the aryl proton integral corresponds to 3-
benzyl-1,2-diphenylindene, 26. This is comparable to the amount of the 
compound actually isolated. Crystallization of the product yields 0.8 g 
of indene 26. Chromatography of the residue over 100 g silicic acid 
yields another 0.15 g of the indene 26 and 0.15 g of a viscous oil. The 
oil was partially crystallized from ethanol to yield ~· 5 mg of a white 
. o hexane sol~d, mp 149-152 , ultraviolet ~x 245 m ~· The product was renmtlvely 
assigned the structure of 1,2,3-triphenylnaphthalene (25), mp 153-
1540,67 on the basis of its melting point and the absence of a stilbene-
like absorbance at longer wave lengths. 
The remaining residue was partially solidified by chilling the 
0 
ethanol solution yielding a white solid, mp 36-75 • Recrystallization 
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of the product from ethanol, cyclohexane, hexane or benzene-hexane 
failed to increase the melting point or narrow the melting range. 
The nmr analysis and the ultraviolet spectrum of the viscous oil 
suggests that it may contain a mixture of isomers of 1,2,3,4-tetra-
phenylbutadiene, 27a, 27b. 68 The reported physical properties of the 
isomers are given in Table I. 
Table I 
Physical Properties of 1,2,3,4-Tetraphenylbutadienes 
Isomer 0 A. (log ~i) (-r) mp c · max nmr 
cis-cis 185-186 312(4.57) 3.68 
----
cis-trans 82-83 285(4.43) 3.28, 3.02 
trans-trans 148-149 292(4.6) < 3.0 
The cis and trans isomers of 1,2,3,4-tetraphenylcyclobutene are 
reported to isomerize to cis, trans and~' cis tetraphenylbutadiene 
at 50° and 25° respectively. 68 The tetraphenylcyclobumnes are potential 
photolysis products of the benzy1cyclopropene 21 and may be intermediates 
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of the photolysis which are further isomerized to tetraphenylbuta-
dines 27a, 27b. 
The formation of the 3-benzyl-1,2-diphenylindene would be expected 
to proceed by the same mechanism involved in the formation of the pre~ 
ceeding indenes (rn 62). 
A Ph [ Pz:2Ph] [ Q:ilh] hv .. ~ ( 62) P Ph ~ ,.;.:: Ph 
Ph Ph 
·t 21 
Q:::J.:CRlh [ CRlh] CD; Ph ~ I Ph 
H Ph H • Ph 
26 
A 1,4 hydrogen shift in the postulated diradical intermediate would 
give the butadiene directly, while a 1,2 hydrogen shift would give 
ring closure to tetraphenylcyclobutene. Subsequent ring opening by 
gentle warming or photolysis would lead to the 1,2,3,4-tetraphenyl-
butadienes (rn 63). 
pxCH2Ph 
J:d.... hv 
Pli · Ph 
21 
H 








Ph H h 
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p h 
27a ( 63) 
H H 7- <Ph Ph Ph Ph Ph 0 6 p~ ;-<H ~ __,. P Ph or H Ph 
Ph Ph hv 
27b 
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The suggested 1,2,3-triphenylnaphthalene (25) may arise by an intra-
molecular radical attack by the proposed diradical intermediate on 
the benzyl phenyl ring followed by loss of two hydrogen radicals to 












In order to determine if the indene itself is unstable to light 
and rearranges to other products, including the butadienes (27a, 27b), 
1. 2 g of 3-benzyl-1,2-diphenylindene (1.£) was photolysed .in hexane 
for 40 hr. The recovered residue was mostly unreacted starting 
material 26 indicating that the indene 26 and the other products 
form by separate pathways. 
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CONCLUSIONS 
The observed results indicate that a common reaction;indene forma~. 
tion,was experienced by all of th'e compounds investigated. Beyond this 
point, varying products were obtained. 
The 3-hydrogen compound, 1,2,3-triphenylcyclopropene (16) under-
goes dimerization as .its principal reaction. None o.f the other compounds 
that were investigated yielded a dimer. Steric hindrance,when a group 
larger than hydrogen is at the 3 position of the triphenylcyclopropene, 
prevents the molecules from forming analogous dimers. The fact that 
compound J& dimerizes at the 1 and 2 positions suggests that the initial 
excited state of the photolysis is.the 1,2-diradical from the~ bond. 
Apparently, if dimerization does not occur, an electron shift from the 
1,3 bond occurs forming the 1,3-diradical and a 1,2 ~ bond. This 
electron shift would be favored by the relief of the ring strain in 
opening the cyclopropane ring. The 1,3-diradical from:the other sub-
stituted cyclopropenes could then proceed to form the indenes. 
A comparison of the completeness of reaction of 3-methyl-1,2,3-
triphenylcyclopropene (19) and 1,2,3,3-tetraphenylcyclopropene (20) 
substantiates the proposed diradical intermediate of the. reaction. 
The latter compound has two phenyl groups at the 3-position to stabilize 
the postulated diradical and also has two ringa at which the radical at 
the 1-position can attack. Thus it is completely rearranged in 24 hr 
whereas the 3-methyl analog 19 is not completel~ rearranged with 68 hr 
of photolysis. 
The 3-benzyl analog 11 was found to yield, in addition to the 
indene, 26, 53% of a mixture of 1,2,3,4-tetraphenylbutadienes (27a, 27b). 
-. ---
The benzyl group, upon loss of a hydrogen radical from the methylene 
group, forms a radical which is stabilized by the adjacent phenyl 
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group. A shift of electrons leads to butadiene formation. Thus, the 
postulated radical intermediate is further substantiated by the reaction 
products from compound 1!• 
The methoxy ether ~ has an oxygen attached to the 3-carbon atom 
of the cyclopropene ring which permits fragmentation since the oxygen 
has unshared pairs of electrons which can be used to stabilize· the 
carbene or free rad.ical intermediate by resonance. The failure of any 
of the other molecules considered to fragment indicates that the 
electron sharing by the oxygen is important in the fragmentation. 
It is therefore concluded that photolysis of the cyclopropenes 
considered excites the :n: bond to a 1,2-diradical. If dimerization 
does not occur, the intermediate is converted to the 1,3-diradical which 
then forms the indene and any other products favored ·by the intermediate. 
EXPERIMENTAL 
A. DESCRIPTION OF APPARATUS 
All melting point determinations were made on a Mel-Temp melting 
point.apparatus and are uncorrected. All infrared spectra were made 
on a Perkin-Elmer Model 337 infrared spectrophotometer. The ultra-
violet spectra were made on a Beckman Model DK 2 A ultraviolet 
spectrophotometer. The nuclear magnetic resonance spectra were run 
of a Varian Model A 56/60 spectrometer. The photolysis apparatus 
used for the photolytic reactions consists of a 1 liter cylindrical 
vessel equipped with a nitrogen inlet tube at the bottom, two gas 
outlets at the top, and a standard taper ground glass mouth into 
which is inserted a water cooled quartz immersion well having a 
standard taper ground glass neck. Into the quartz immersion well 
is inserted a 450 watt Hanovia ultraviolet lamp. The lamp may be 
surrounded by a cylindrical filter of Pyrex glass which excludes 
light below~· 350 m ~· The reaction vessel is equipped with a 
magnetic stirrer. The capacity of the vessel after the quartz im-
mersion well is inserted is 550 ml (Fig. 1). 
B. PREPARATION OF 1,2,3-TRIPHENYLCYCLOPROPENYL ,!-BUTYL ETHER (~) AND 
1, 2, 3-TRIPHENYLCYCLOPROPENIUM BROMIDE (~) 20 
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Several preparations of 1,2,3-triphenylcyclopropenyl !-butyl ether 
(!)and 1,2,3-triphenylcyclopropenium bromide (1) wer~ conducted similar 
20 to the method of Breslow and Chang • A typical synthesis was as 
follows: 
Into a 2000 ml 3 neck flask equipped with a heating mantle, reflux 












funnel were placed 53.4 g (0.3 mole) to1ane '(]) and 84 g (0.72 mole) 
of potassium J:-butoxide in 1000 ml of sodium dried benzene. The sus-
pension was vigorously stirred and 58 g (0.3 mole) benzal chloride was 
added. The solution was ref1uxed for 22 hr, cooled to room temperature, 
and filtered from a gelatinous suspension. The precipitate was washed 
with ether. 
The benzene solution filtrate was stripped of solvent by vacuum 
evaporation and the residue was crystallized from 500 ml 5% benzene-
hexane in a freezer. A yield of 15 g (13%) of 1,2,3-triphenylcyclo-
0 propenyl !-butyl ether (2) mp 138-142 , was obtained. Recrystallization 
of the ether from benzene-hexane yields 13 g of white prisms, mp 141-
1430 (reported 143-144.5°). 20 Upon recrystallization of the ether from 
diethyl ether several times, white prisms, mp 142.5-144°, were isolated. 
All recrystallization solvents and mother liquors were combined. 
The solvents were evaporated by vacuum evaporation. The residue was 
dissolved in 400 ml anhydrous ether and the solution was saturated with 
anhydrous HBr to yield 11.8 g (16%) 1,2,3-triphenylcyc1opropenium 
bromide (1), mp 220-240° dec. A 6.5 g sample of 1,2,3-triphenylcyclo-
propenyl !-butyl ether prepared in a parallel experiment was dissolved 
in 200 ml. ether. The solution was saturated with HBr prepared by 
addition of water to PBr3 . A 6.0 g (96%) sample of 1,2,3-triphenylcy-
clopropenium bromide (~), mp 215-235° dec., was obtained. The reactions 
were repeated several times with similar results in order to obtain 
sufficient quantities of the ether 3 and the bromide 5 for further 
investigations. 
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C. REACTION OF 1,2,3-TRIPHENYLCYCLOPROPENYL !-BUTYL ETHER (]) WITH WATER 
A solution of 1.0 g of the highly purified !-butyl ether 1 in 10 
ml ether was shaken with 10 ml water. The layers were separated, the 
etheral layer was dried over sodium sulfate, and the solvent was re-
moved. The residue was found to have an unchanged melting point and to 
be undepressed in melting point when mixed with starting material. 
The compound was not converted to bis-triphenycyclopropenyl ether 4 
20 
under these conditions as suggested by Breslow and Chang. 
D. REACTIONS OF 1~2,3-TRIPHENYLCYCLOPROPENYL ,!-BUTYL ETHER (1) WITH 
METHANOL 
0 A 200 mg sample of the !-butyl ether 1, mp 140-142.5 , was dis-
solved in 25 ml methanol and refluxed 45 min. The solution was 
evaporated to 2 ml and cooled. Crystals of 50 mg of starting material 
formed followed by 100 mg (57% 1,2,3-triphenycyclopropenyl methyl 
0 0 27 . ether(~), mp 69-70 (reported mp 69-70 ), Lnfrared absorption at 
5 5 d 1 · 1 b · Ahexane 223 230 289 ( h ld ) • ~ an u travLo et a sorptLon at ·~x . , , s ou er 
301 and 319 m ~ of nearly equal absorbance. The nmr spectrum in cc14 
shows a singlet at 6.77T and a multiplet at 2.7T with an integral ratio 
of 3.15. There is no resonance signal at 8.8T, the position of the 
!-butyl group in the !-butyl ether 1· 
A 4.0 g sample of the !-butyl ether 3 was dissolved in 25 ml 
methanol in a 50 ml conical flask. The solution was refluxed 30 min, 
then chilled giving crystals of the methyl ether~· The ether was re-
crystallized from 5% benzene-hexane yielding 2.0 g (57%) of the ether 
0 ~ mp 64-66 • The reaction was repeated several times to provide 
samples of the methyl ether~ for further investigations. 
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E. REACTION OF 1,2,3-TRIPHENYLCYCLOPROPENYL t-BUTYL ETHER (3) WITH 
ETHANOL - -
To 50 ml of ethanol was added 3.40 g of the ~-butyl ether 1· The 
solution was refluxed 30 min, then the solvent was evaporated leaving 
3.05 g (98%) of solid residue. Recrystallization of the residue from 
60 ml ethanol yielded 1.4 g (45%) 1,2 ,3-triphenylcyclop.ropenyl ethyl 
ether (2), mp 123-125°. Recrystallization of 200 mg of the ethyl ether 
2 from diethyl ether yielded pure, white prisms, mp 127-128° (reported 
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mp 121-122 crystallized from aqueous ethanol) with infrared absorp-
tion at 5.5 ~· The ultraviolet spectrum is identical to that of the 
methyl and ~-butyl analogs,~ and l· The nmr spectrum of the residue 
in cc14 shows a triplet at 8.8T, a quartet at 6.4T and a multiplet 
at 2.7T with an integral ratio of 3:2:15. 
A 100 mg sample of the ethanol recrystallized ethyl ether 2 was 
refluxed in 25 ml methanol for 45 min. The solvent was evaporated. 
The nmr spectrum of the residue in cc14 shows a singlet at 6.7T and a 
multiplet at 2.7T with an integral ratio of 3:15 indicating that the 
product is essentially completely the methyl ether. 
F. REACTION OF HIGHLY PURIFIED ~-BUTYL ETHER (2) WITH ETHANOL 
A solution of the highly purified, ether recrystallized ~-butyl 
ether 1 (300 mg ether 1 in 25 ml ethanol) was refluxed 1 hr. The 
solution was chilled and white prisms formed whi.ch were found to melt 
at 142-144° and were undepressed when mixed with starting material. 
G. REACTION OF HIGHLY PURIFIED ~-BUTYL ETHER l WITH ETHANOL AND HCl 
The solution of 300 mg of the !-butyl ether 3 in 25 ml ethanol 
from the preceding reaction was heated until the precipitate redis-
solved. The solution was treated with 5 ml gaseous HCl generated 
by reaction of NaCl with H2so4 • The solution was refluxed, con-
centrated to 5 ml, and allowed to cool. A precipitate formed, mp 
0 118-123 • Recrystallization from ethyl ether yielded white prisms 
0 
of 1,2,3-triphenylcyclopropenyl ethyl ether (1), mp 126-128 . The 
nmr spectrum of the product is identical to that of ethyl ether 7 
from above. 
H. REACTION OF t-BUTYL ETHER 3. WITH KCl AND ETHANOL 
- -
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A sample of highly purified, ether recrystallized 1,2,3-triphenyl-
cyclopropenyl !-butyl ether (1) was refluxe~ with 30 mg KCl in 25 ml 
of methanol for 15 hrs. The solvent was partially evaporated and 
filtered. The solution was cooled to yield white prisms of the !-
0 butyl ether 1, mp 142-153.5 • No evidence that KCl catalysed the 
exchange reaction was observed. 
I. REACTION OF 1,2,3-TRIPHENYLCYCLOPROPENYL _!-BUTYL ETHER (1) WITH 
2-PROPANOt --
To 25 ml isopropanol was added 300 mg of the ~-butyl ether 1· The 
solution was refluxed· for 45 min and then stripped of solvent by vacuum 
evaporation. A portion of the crude material was recrystallized. from 
diethyl ether, mp 102-103°, infrared absorption at 5.5 ~· The ultra-
violet spectrum is identical to that of the analogus methyl, ethyl, 
and !-butyl ethers,_~, z, and 1· The nmr spectrum is cc14 shows a 
doublet at 8.8T, a multiplet at 6.2T and multiplet at 2.7T with an 
integral ratio of 6:1:15. The analysis corresponds to that of the 
assigned structure. 
Anal. Calcd for c24H22o: C, 88.21; H, 6.80. Found: C, 88.01; 
H, 6.92. 
J. REACTION OF 1,2,3-TRIPHENYLCYCLOPROPENYL ETHYL ETHER (2) WITH 
2-PROPANOL 
A 100 mg sample of hexane recrystallized 1,2,3-triphenylcyclopro-
penyl ethyl ether (2) was refluxed in 20 ml ~-propanol. The solvent 
was evaporated and the residue was recrystallized from diethyl ether 
to yield white prisms, mp 102-103°. The nmr spectrum was identical 
to that of the 2 -propyl ether~ obtained by alcoholysis of the t-
butyl ether with . ? -propanol. 
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A sample of highly purified, ether recrystallized 1,2,3-triphenyl-
cyclopropenyl ~-butyl ether (1) was dissolved in 20 ml, 2 -propanol 
and refluxed 1 hr. The solvent was evaporated to 2 ml and the solution 
was cooled. White prisms of unreacted starting material 3 was recovered. 
K. REACTIONS WITH DIETHYLAMINE TREATED 1, 2, 3-TRIPHENYLCYCLOPROPENYL 
~-BUTYL ETHER (1) 
A 2.0 g sample of the ~-butyl ether 1 which had been crystallized 
once form benzene-hexane, was dissolved in 10 ml diethylamine in a 
50 ml reaction flask equipped with a condenser and a heating mantle. 
The solution was refluxed one hr, then the amine was removed by vacuum 
evaporation. The residue was recrystallized from ethyl ether yielding 
1.3 g ( 65%) starting material1, mp 140-142°, identified by an uncle-
pressed mixed melting point with starting material and by an nmr 
spectrum identical with that of the ~-butyl ether 1· 
A 0.5 g sample of the diethylamine treated 1,2,3-triphenycyclopro-
penyl ~-butyl ether (l) was refluxed in 10 ml · 2 -propanol for 1 hr, 
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then chilled to precipitate the starting material 3, mp 139-142°. Thus, 
' -
the ether did not undergo alcohol exchange with the solvent. The 
precipitate was redissolved_ in the solvent by warming and 0.05 g benzal 
chloride was added. The solution was refluxed 1 hr and then chilled 
to form a precipitate. 0 The precipitate melts at 128-136 • The nmr 
spectrum of the mixture showed a doublet at 8.9T, a singlet at 8.81T, 
a multiplet at 6.2T, and a multiplet at 2.7T suggesting a mixture of 
the _!-butyl and ·?.-propyl ethers. The precipitate was returned to 
the 2·-propanol solution and the solvent was removed by vacuum 
evaporation leaving a crude residue, mp 80-120°. The nmr spectrum 
of the residue in cc14 shows an overlapping doublet and singlet at 
8.9T and 8.81T respectively, a multiplet at 6.2T, and a multiplet at 
2.7T in an integral ratio of 8:0 5:15, thus suggesting that the pro-
duct is a ~ 1:1 mixture of the ·.~--propyl and the ~butyl ethers of 
1,2,3-triphenylcyclopropene. Therefor~, benzal chloride catalyses 
the reaction, but the rate is very slow. 
A 0.15 g sample of the diethylamine treated 1,2,3-triphenylcyclo-
propenyl _!-'butyl ether (]) was dissolved in 1.5 ml . 1• 2~:-propanol. A 
0.01 g sample of 1,2,3-triphenylcyclopropenium bromide (2) was added 
to the solution. The solution was refluxed 1 min, then chilled to 
yield white prisms, mp 98-101° undepressed when mixed with a sample 
of the ___ 2-propyl ether:.§.. Thus, 1, 2,3-triphenylcyclopropenium 
bromide (1) effects very rapid alcoholysis of the ether. 
L. PHOTOLYSIS OF 1,2,3-TRIPHENYLCYCLOPROPENYL METHYL ETHER (_§) 
A 2.0 g sample of the methyl ether 6 was dissolved in 550 ml of 
alumina washed hexane and placed in the photolysis vessel. The 
reaction solution was photolysed for 48 hr with stirring and a nitro-
gen purge. The resulting solution was stripped of solvent on a 
rotating evaporator leaving 1. 9 g ( 95%) of residue. The residue was 
extracted with 2 x 50 ml hexane. The residue was dissolved in 10 ml 
ether and 100 ml of hexane was added to the solution then 0.2 g (10%) 
of a light yellow powder precipitated leaving solution A. (In a 
parallel experiment, this product was recrystallized from ether and 
hexane to a melting point of 154° dec. The molecular weight analysis 
reports a value of 910, suggesting that it is a trimer or a polymeric 
mixture.) 
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The remaining solution A was stripped of hexane by vacuum evapor-
ation, dissolved in 150 ml ether (soln B), and extracted with 4 x 40 
ml of saturated NaHC03 solution (soln C). The layers were separated 
and the aqueous layer (soln C) was acidified with HCl and extracted 
with 2 x 50 ml ether (soln D). The etheral solution D was dried over 
anhydrous Na2so4 and stripped of solvent by vacuum evaporation leaving 
0.07 g (3.5%) of residue which was crystallized from hexane and identi-
fied as benzoic acid (11) by mixed melting point determination with 
an authentic sample and by identical infrared spectrum comparison with 
benzoic acid. 
The etheral solution B which had been extracted was then dried 
over anhydrous Na2so4 and stripped of solvent by vacuum evaporation 
leaving 1.6 g (80%) o.f residue. The residue was dissolved in 15 ml 5% 
ether-hexane (soln E) solution and chilled overnight and yielded 0.1 g 
(5%) of a gummy residue which was precipitated by dissolving in 1 ml 
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of ether and adding 10 ml of hexane. It is more of the polymeric 
product obtained initially. 
Solution E was stripped of solvent by vacuum evaporation, dissolved 
in 10 ml hot ethanol (soln F) chilled, and allowed to warm to room 
temperature. 0 A yield of 0.09 g (4.5%) of crystals mp 118-122 , was 
formed. The infrared and ultraviolet spectra of the product were 
identical to those of 1,2,3-triphenylcyclopropenyl ethyl ether (l). 
The product was formed by reaction of the solvent with unreacted 
starting material, 1,2,3-triphenylcyclopropenyl methyl ether (~) by 
the alkyl exchange discussed earlier. 
Solution F was stripped of solvent leaving 1.1 g of residue. 
The residue was chromatographed on 100 g silicic acid. The first 
fraction consisted of 0.06 g (3%) of a liquid whose ultraviolet 
spectrum is identical to tolane (l). (In a parallel experiment in 
which the crude residue formed by photolysis of the methyl mether ~ 
was chromatographed directly on 25 g of alumina, a yield of 0.07 g 
0 (3~5%) tolane (.!), m.p 59-60 , was obtained. The product was unde-
pressed in melting point when mixed with a authentic sample of tolane. 
The other products were not separated on alumina.) The next fraction 
eluted from chromatography ofF consisted of 0.3 g (15%) of a solid, 
0 
mp 88-95 • Recrystallization of the solid from ether yielded white 
prisms, mp 96.5-97.5°. The nmr spectrum shows a singlet at 6.24T, a 
singlet at 5.37T, and a multiplet at 2.8T in an integral ratio of 3:1:14. 
Th 1 · 1 h. Ahexane f 311 4 9 104 e u trav~o et spectrum s ows ·~x o m ~' ~ = • x ; 
. 4 
304 m ~; €M = 4.8 x 10 • The analysis corresponds to the structure 
Anal. calcd for c 22H18o: C, 88.89; H, 6.08~ Found: C, 88.69; 
H, 6.12. 
A 0.03 g sample of the compound was refluxed in 2 ml 57% HI and 
2 ml glacial acetic acid for 2 hr. The product was dissolved in 10 
ml ether. The etheral solution was extracted with 15 ml saturated 
NaHco3 solution. The etheral solution was then dried over anhydrous 
Na 2so4 and stripped of solvent. The residue was crystallized from 
hexane. The infrared spectrum of the product was taken and found to 
be identical to that of 2,3-diphenylindanone (lli). Therefore, the 
initial product c22H18o is assigned the structure·of 3-dimethoxy-
1,2-diphenylindenone (10). 
Following the indene 10, from the chromatography ofF, a 0.15 g 
(7.5%) sample of a viscous oil was eluted. The ultraviolet spectrum 
hexane . 
of the fraction shows A at 301 and 318 m ~' suggesting that 1t 
''max 
consists mostly of 1,2,3-triphenylcyclopropenyl ethyl ether (7). (The 
fraction was rechromatographed on 25 g silicic acid, but was not 
eluted from the column.) 
The next fraction eluted consisted o£ 0.04 g (2%) of an orange 
viscous oil which was rechromatographed on 25 g silicic acid to yield 
2,3-diphenylindenone (12) mp 149-151°, which was identified by .an 
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undepressed melting point when mixed with an authentic sample of 
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the indenone 12 and by its identical infrared spectrum with the authen-
tic sample. 
The diphenylindenone ~was followed by 0.14 g (7%) of viscous 
oils. The infrared spectrum of the oils shows bands at 5.8 ~' 6.0 ~ 
and 6.1 ~· (In a parallel exper.iment, this fraction was rechromato-
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graphed on 25 g silicic acid to separate a trace of solid, mp 93-99°. A 
workup of the product on a porcelain plate with ether yielded a purer 
0 product, mp 98.5-100 • The melting point was undepressed when mixed 
with an authentic sample of cis-1,2,3-triphenylpropenone 13). 
Elution of the column with ether yielded another 0.11 g (5.5%) of 
unidentified viscous oils, the infrared spectrum of which has no car-
bonyl absorption between 5.7 and 6.1 ~· 
The reaction photolysis was repeated using a pyrex filter. The 
infrared spectrum of the crude reaction residue ~as essentially the 
same as that of the product from the use of unfiltered light. The 
pyrex filtered light required 72 hr for the ultraviolet chromophors 
at 301 and 318 m ~ of the starting material to disappear whereas with 
no filter, these bands were gone after 48 hr. 
M. PREPARATION OF 2,3-DIPHENYLINDANONE (.ll!,/0 
A 158 g (1 mole) sample of trans-cinnamic acid was dissolved in 
1000 ml benzene in a 2000 ml 3 neck flask equipped with a magnetic 
stirrer and a dropping funnel. To the solution was added 170 g (1.06 
mole) of bromine. The solution was stirred 1 hr during which time a 
precipitate formed and was filtered. The filtrate was stirred for 
another 30 minutes and filtered again. The precipitate, a faintly 
yellow solid of 290 g (0.94 mole) of ~,~-dibromohydrocinnamic acid, 
0 0 71 . 
mp 194-198 (reported mp 203-204 ) , for a y~eld of 94%. 
A 50 g sample of anhydrous aluminum chloride was suspended in 
500 ml of sodium dried benzene in a 1 liter 3 neck flask equipped 
with a magnetic stirrer, condenser, and a calcium chloride drying tube. 
A 60 g sample of the above a, ~-dibromohydrocinnamic acid was added 
over 20 min and the solution was allowed to stir for 36 hr. The 
reaction mixture was poured onto 300 g of ice and 100 ml concentrated 
HCl. A solution of 100 ml benzene and 800 ml ether was poured into 
the reaction mixture. The organic layer, was separated and the 
aqueous portion was washed with 100 ml ether and the organic layer 
was washed with 2 x 100 ml water:. The organic layers were combined, 
dried over Na 2so4 , and reduced to a volume of 200 ml by vacuum evap-
oration. A solid p·recipitate of 50 g (84%) crude 2,3,3-triphenyl-
propionic • 0 0 70 ac~d, mp 209-213 (reported mp 22~-223 ) was formed. A 
40 g sample of crude 2,3,3-triphenylpropianic acid was dissolved 
in 200 ml benzene in a 500 ml 3 neck flask equipped with a magnetic 
stirrer, heating mantle, and a reflux condenser. A 30 g sample of 
PC15 was added to the solution and the solution was first refluxed 
and stirred for 1 hr, then cooled. A 30 g sample of anhydrous A1Cl3 
was added slowly in portions. The solution was refluxed 1 hr, then 
poured slowly on a slurry of 100 g ice and 75 ml concentrated HCl. 
The o'rganic layer was separated and the aqueous layer was washed with 
80 ml of benzene. The organic layer$ were combined and washed with 
2 x 100 ml water. The benzene layer was dried over anhydrous Na2so4 
and stripped of solvent leaving 33 g (78%) of residue. The viscous, 
oily residue was crystallized from 250 ml methanol to yield 13 g (31%) 
crude 2, 3-diphenylindanone (12a). Further chilling yielded another 
8.0 g (19%) of the product, mp 84-90°. Recrystallization of the pro-




N. ATTEMPTED PREPARATION OF 3-METHOXY-1,2-DIPHENYLINDENE (l.Q) 
Unsuccessful attempts were made to prepare 3-methoxy-1,2-diphenyl-
indene (lQ) by treatment of 2,3-diphenylindanone (~) with methanol 
and su.lfuric acid, with methanol and hydrobromic acid, with 2,2-dimetho.zy-
propane and £-toluene-sulfonic acid ·in dimethylformamide, 72 and with 
diazomethane in ether. In each case, only starting material was 
isolated. 
O. REACTION OF 2,3-DIPHENYLINDANONE (_lli) WITH SODIUM METHOXIDE 
AND METHYL IODIDE 
A solution of 0.8 g 2,3-diphenylindanone (12a), 15 ml methanol, 
and 0.15 g NaOCH3 were refluxed for 15 min. A 0.3 g sample of methyl 
iodide was added and the solution was filtered, stripped of volatiles . 
by vacuum evaporation, and chromatographed of 25 g silicic acid. No 
hexane elutable 3-methoxy-1,2-diphenylindene (10) was eluted. Ether-
hexane eluted 0.3 g of a soltd, mp 84-125° and a fraction, mp 116-
1210. The products were not further elucidated. 
P. REACTION OF 2,3-DIPHENYLINDANONE (_lli) WITH SODIUM HYDRIDE AND 
METHYL IODIDE 
A solutionof 2.5 g 2,3-diphenylindanone (12a) 100 ml benzene, 
and 1.2 g 50% sodium hydride were refluxed for 15 min in a 250 ml 
round bottom flask equipped with a reflux condenser and a heating 
mantle. A 13 g sample of methyl iodide was then added and the solution 
was refluxed 1 hr. The solution was stripped of benzene and the residue 
was dissolved in 200 ml hexane, filtered, concentrated to 60 ml, and 
chilled to yield 0.9 g (34%) of a yellow solid, mp 147-152°. Recrystal-
0 lisation from ether yielded white needles, mp 156-157.5 • The nmr 
analysis of the product shows a singlet at 8.25T, a singlet at 5.5T, 
and a multiplet at 3.1T with an integral ratio of 3:1:14. The product 
is assigned the structure of 2-methyl-2,3-diphenylindanone (15). The 
analysis corresponds to the assigned structure. 
Anal. calcd for c22H18o: C, 88.56; H, 6.08~ Found: C, 88.04; 
H, 6.26. 
The infrared spectrum shows absorbance at 5.5 1-1· 
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The filtrate from which the product was stripped of solvent leaving 
0.5 g of residue. The residue was chromatographed on silicic acid to 
yield 0.1 g of more 2-methyl-2,3-diphenylindanone (15) and~· 0.49 g 
of the oil in which the NaH was suspended and 10 mg (0.4%) of a dark 
red solid, mp 145-148° which was identified as 2,3-diphenylindenone 
(12) by mixed melting point determination with an authentic sample. 
Q. SYNTHESIS OF 2 ~ 3-DIPHENYLINDENONE (Jl) 69 
A solution of phenylmagnesium bromide was prepared by reacting 
9.9 g of magnesium turnings with 63.6 g of bromobenzene in 50 ml ether 
in a 500 ml 3 neck flask equipped with a magnetic stirrer, heating 
mantle, reflux condenser, and a dropping funnel. A 30 g sample of 
benzal phthalide in 250 ml benzene was added. The solution was re-
fluxed 1 hr, cooled, and poured onto 400 g aqueous ammonia and ice. 
The organic layer was separated, filtered, and stripped of solvent by 
vacuum evaporation leaving a red residue. The residue was treated 
with a stream of steam for one hr to remove any bromobenzene and 
biphenyl by steam distillat:ion. The residue was crystallized from 
0 5% aqueous ethanol to give 5 g (13%) of red crystals, mp 128-140 • 
Addition of water to the filtrate precipitated another 12 g (31%) of 
a viscous red oil. The solid portion was recrystallized from ethanol 
0 to give orange-red prisms of 12, mp 149-151 • 
R. PREPARATION OF _ill 1 ,2,3-TRIPHENYLPROPEN-1-0NE ( 13) 27 
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A 3. 0 g sample of triphenylcyclopropenium bromide was suspended in 
50 ml 10% NaOH solution with 75 ml of ether on top of the aqueous 
phase and allowed to stand overnight. The ether layer was separated, 
dried over anhydrous Na 2so4 , and stripped of solvent by vacuum evapor-
ation. Fractional crystallization of the residue from ethanol yielded 
0.8 g of a product, mp 140-150° which was not identified, but may be 
bis-1,2,3-triphenylcyclopropenyl ether (~). Subsequent crystallization 
of the filtrate yielded 0.6 g of 1,2,3-triphenylpropen-1-one (13), mp 
0 97-99 • The product was recrystallized from ethanol to yield white 
prisms of ]d, mp 99-102°. 
s. SYNTHESIS OF ,.9!! AND TRANS 1,2,3-TRIPRENYLBUT-2-ENE-1-0NE (~) 58 
A suspension of 1.95 g sodium ethoxide in 70 ml anhydrous ether 
was chilled in a freezer. A 5.6 g sample of desoxybenzoin and a 5.0 g 
sample of ethyl phenylpropiolate were added. The solution was allowed 
to stand in a freezer for 48 hr. The solution was poured into 75 ml 
of water. The two phase solution was filtered yielding 9.0 g (98%) 
crude 4,5,6-triphenyl-2-pyrone, mp 245-255°. 
A 3.0 g sample of the 4,5,6-triphenyl-2-pyrone was refluxed in 
40 ml 10% potassium hydroxide-methanol solution for 6 hr. The 
solution was stripped of solvent by vacuum evaporation and the residue 
was dissolved in 50 ml of water. The aqueous solution was extracted 
with 3 x 40 ml ether and the etheral solution was dried over anhydrous 
Na2so4 and stripped of solvent by vacuum evaporation leaving 0.4 g 
(12%) of residue. The residue, trans 1,2,3-triphenylbut-2-ene-1-one 
(14a), was crystallized from hexane to give white prisms, mp 85-90° 
(reported mp 90°). 58 
A 2.0 g sample of 4,5,6-triphenyl-2-pyrone was suspended in 30 
ml 5% potassium hydroxide in methanol solution. The suspension was 
heated until the pyrone was dissolved, then was poured into 50 ml 
water. The aqueous solution was acidified with HCl, then extracted 
with 3 x 40 ml ether. The etheral extracts were combined, dried 
over anhydrous Na2so4 , and stripped of solvent. The residue was 
treated with 50 ml refluxing cyclohexane leaving 1.0 g (53%) of 
0 
solid desylcinnamic acid, mp 182-189 dec. The desylcinnamic acid was 
0 heated to 190-195 to effect decarboxylation until evolution of carbon 
dioxide ceased. The residue was crystallized from hexane to yield 
0 
.£!! 1,2,3,-triphenylbut-2-ene-1-one ( 14b) mp 101-103 (reported mp 
1050).58 
T. SYNTHESIS AND PHOTOLYSIS OF 1,2,3-TRIPHENYLCYCI.OPROPENE (16) 34 
A solution of 6.0 g 1,2,3-triphenylcyclopropenium bromide (5) in 
100 ml ether was placed in a 125 ml conical flask equipped with a 
magnetic stirrer. A 1.0 g sample of lithium aluminum hydride was 
added. The flask was stoppered and stirred for 12 hr. The reaction 
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solution was poured in 100 ml of 10% aqueous ammonium chloride solution. 
The etheral solution was separated and the ·aqueous phase was washed 
with 2 x 70 ml ether. The etheral fractions were combined, dried over 
anhydrous Na2so4 and stripped of solvent by vacuum evaporation leaving 
a 4.0 g (86%) residue of crude 1,2,3-triphenylcyclopropene (16) mp 
0 0 34 102-107 (reported mp 111-113 ) • The product was recrystallized 
from 5% benzene-hexane without changing the melting point. 
A 2.0 g sample of the 1,2,3-triphenylcyclopropene (1§) was dis-
solved in 550 ml hexane (alumina washed) and photolysed for 24 hr. A 
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light tan powder, 0.65 g (32%) had precipitated from the hexane 
solution. It was filtered and dried. The solid melted at 308-328° 
•• 50 (reported by Durr to be a mixture of~-!!£ and endo-endo 1,2,3,4,5,6-
hexaphenyltricyclo [3,1,0,02' 4 ] hexane (17)). 
The filtrate was stripped of solvent and chromatographed on 25 g 
silicic acid and yielded 0.1 g (5%) starting material, identified by 
an undepressed mixed melting point with starting material, and 150 mg 
of unidentified viscous oils. No 1,2-diphenylindene (18) was isolated. 
Likewise, nmr analysis of the crude reaction material displays no 
resonance at 5.04,., the posi.tion described by DUrr51 as the resonance 
of the allylic proton in 1,2-diphenylindene (18). The reaction demon-
strates that the dimerization of the cyclopropane to the tricyclohexane 
as described by Durr50 occurs in the apparatus and under the conditions 
used in the studies under consideration. 
U. PREPARATION OF 3-'METHYL-1,2,3-TRIPHENYLCYCLOPROPENE (19)34 
A solution of 15 ml of 2 M ( 0.03 mole) of methylmagnesium bromide 
solution and 100 ml of ether were placed in a 250 ml 3 neck flask equip~ 
ped with a magnetic stirrer, heating mantle, and a reflux condenser. 
A 6.0 g (0.0016 mole) sample of crude 1,2,3-triphenylcyclopropenium 
bromide (1) was added slowly to the solution. The solution was re-
fluxed 1 hr, then poured into 100 ml 15% aqueous ammonium chloride 
solution. The etheral phase was separated and the aqueous phase was 
extracted with 2 x 70 ml ether. The etheral phases were combined and 
dried over anhydrous Na2so4 • The solution was stripped of solvent by 
vacuum evaporation leaving 4.5 g (92%) of crude 3-methyl-1,2,3-tri-
phenylcyclopropene (19) mp 90-95°. The product was recrystallized 
from 5% benzene-hexane to give 3.8 g of the product mp 92.5-96°. 
Recrystallization of the product from diethyl ether yielded white 
. o o o34 pnsms, mp 95.5 -97.5 (reported mp .95.5-97.5 ). 
V. PHOTOLYSIS OF 3-METHYL-1,2,3-TRIPHENYLCYCIDPRDPENE ( 19) FOR 24 
HOURS 
A solution of 2.0 g of 19 in 550 ml alumina washed hexane was 
photolysed with a pyrex filter for 24 hr. The solution was stripped 
61 
of hexane by vacuum evaporation and crystallized from 25 ml 5% benzene-
hexane to yield 0.8 g (25%) 3-methyl-1,2-diphenylindene (22), mp 82-
860. Recrystallization from diethyl ether yielded white prisms, mp 
88-90° (reported mp 90-91°) 73 , undepressed when mixed with an authentic 
~ample of 3 methyl-1,2-diphenylindene (22). The nmr spectrum of the 
compound shows a doublet at 7.73T, J = 2Hz, a multiplet at 5.3T, J = 2 
Hz, and a multiplet at 3.1T in an integral ratio of 3:1:14. 
The residue was chromatographed on 25 g silicic acid. Hexane 
eluted ca. 1. 0 g (50%) of fractions of viscous oils, one of which 
- . 
0 partially crystallized, mp 84-93 • The nmr spectrum of these fractions 
showed a singlet at 7.90T, a doublet at 7.73T, a multiplet at 5.3T, and 
a multiplet at 3.1T, suggesting that the oil is a mixture of starting 
material 19 and 3-methyl-1,2-diphenylindene (22). 
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W. .:PHOTOLYSIS OF 3-METRYL-1, 2, 3-TRIPHENYLCYCIDPROPENE (l,2) FOR 68 HOURS 
A solution of 2.0 g of 19 in 550 ml alumina washed hexane was 
photolysed using no filter for 68 hr. The reaction solution was 
stripped of solvent by vacuum evaporation and the residue was crystal-
lized from 25 ml 5% benzene-hexane to yield 1.2 g 3-methyl-1,2-diphenyl-
indene. ( 22), mp 85-88°. The product was washed with ether on a por-
celain plate to yield a white solid, mp 87-89° undepressed when mixed 
with an authentic sample of 3-methyl-1,2-diphenylindene, ~- Further 
crystallization yielded another 0.2 g (10%) of the indene. Chromato-
graphy of the residue from the filtrate, after evaporation of the 
solvent, on 25 g silicic acid yielded 0.3 g (15%) of a viscous oil, 
the nmr spectrum of which suggests it is an approximately equal mixture 
of starting material J1 and the indene 22 as in the preceding experi-
ment. The total yield of the indene 22 is therefore 1.55 g or a 78% 
yield based on starting material. 
X. SYNTHESIS OF 3-METHYL-1,2-DIPHENYLINDENE (22) 60 
A solution of 15 ml 2M (0.03 mole) methylmagnesium bromide 
solution in 25 ml ether was placed in a 100 ml 3 neck flask equipped 
with a heating mantle, condenser, a dropping funnel. A solution of 
2.3 g (0.011 mole) 2,3-diphenylindanone (12a) in 10 ml ether was added 
dropwise over 15 min. The solution was refluxed for 1 hr, then poured 
into 50 ml 15% ammonium chloride solution. The etheral solution was 
separated and washed with 25 ml water. The aqueous phase was washed 
with 2 x 25 m1 ether. The etheral solutions were combined, dried over 
anhydrous Na2so4 , and stripped of solvent leaving 2.4 g of residue. 
The residue was dissolved in 25 ml acetic containing 2% H2so4 and 
heated under gentle reflux for 1 hr. The solution was poured into 
100 ml water and the aqueous solution was extracted with 100 ml ether. 
The ether layer was separated and the aqueous layer was extracted with 
2 x 20 ml ether. The etheral fractions were combined, dried over 
anhydrous Na2so4 , and stripped of' solvent by vacuum evaporation. The 
residue was recrystallized from 20 ml 5% benzene-hexane to yield 1.0 g 
white prisms of 22, mp 90-91° (reported mp 90-91°). 60 
Y. SYNTHESIS OF 1,2,3,3-.TETRAPHENYLCYCLOPROPENE (20) 
A solution of phenylmagnesium bromide was prepared by reacting 
15.7 g bromobenzene with 2.4 g magnesium metal in 200 ml ether in a 
500 ml 3 neck flask equipped with a heating mantle, magnetic stirrer, 
condenser, drying tube, and a dropping funnel. A 6.0 g sample (0.02 
mole) of 1,2,3-triphenylcyclopropenium bromide (1) was added slowly 
to the solution. The solution was refluxed 1~ hr, then allowed to 
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stand overnight. The solution was poured into 250 ml 5% aqueous 
ammonium chloride solution. The ether solution was separated and the 
aqueous phase was washed with 2 x 100 ml ether. The ether fractions 
were combined, dried over anhydrous Na2so4 , and stripped of solvent by 
vacuum evaporation. The residue was crystallized from 80 ml benzene-
hexane solution to yield 5.5 g (92%) 1,2,3,3-tetraphenylcyclopropene 
(20), mp 168-175°, which was recrystallized from diethyl ether to yield 
white prisms, mp 176-177° (reported mp 177-178°) 61 • Chromatography of 
the residue on 2S g silicic acid yielded another 0.2 g (3%) of 1,2,3,3-
tetraphenylcyclopropene and 0.3 g diphenyl, mp 66-68° undepressed when 
mixed with an authentic sample. 
Z. PHOTOLYSIS OF 1,2,3,3-TETRAPHENYLCYCLOPROPENE (20) , 
A solution of 2.0 g of 20 in 550 ml alumina washed hexane was 
photolysed using a pyrex filter for 24 hr. The solution was stripped 
of hexane by vacuum evaporation and dissolved in 80 ml 5% benzene-
hexane. Fractional crystallization yielded 100 mg 5% of a yellow solid, 
0 
mp 196-201 dec followed by 1.2 g 60% crude 1,2,3-triphenylindene (24), 
0 
mp 114-123 • Concentration of the filtrate and further chilling yielded 
another 0.3 g (15% of the indene ~to give a total yield of 1.5 g 
(75%)# Recrystallization of the indene 24 from diethyl ether yields 
white prisms, mp 128-130° (reported mp 133-134°) 60 undepressed when 
mixed with an authentic sample of 1,2,3-triphenylindene (24). 
Recrystallization of the higher melting product from dietby]ether 
yields faint yellow prisms, mp 202-203° dec. Recrystallization from 
1:1 toluene-ethanol yields white needles, mp 205-208° (slight decom-
position). The analysis corresponds to c27H18 and the molecular weight 
analysis indicates that the product is monomeric. 
Anal. calcd for c27H18 : C, 94.70; H, 5.30; mw 342. Found: C, 
94.48; H, 5.42; row, 360, 370 • 
. 
The nmr spectrum of the product shows a singlet at 4.8T and a 
multiplet at 2.7T in an integral ratio of 1:17. The ultraviolet 
ethanol 4 4 
spectrum shows ~x at. 247 m ~h ~ = 6 x 10 , 321 m J..L, ~ = 3 x 10 
4 336 m ~' €M = 2.5 x .10 and shoulders at 263 and 278 m J..l• The product 
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is assigned the structure of 13-phenyl-13-H-indeno [1,2-1] phenanthrene 
0 64 (23) mp 212-213 • 
Repetition of the experiment using no pyrex filter and no nitrogen 
purge produced 0.4 g (20%) of the phenanthrene 23 and 1.0 g (50%) of 
the indene 24. 
Parallel experiments indicate that the course of the reaction is 
independent of the use of the filter. 
AA •. SYNTHESIS OF 1,2,3-TRIPHENYLINDENE (24) 60 
A solution of phenylmagnesium bromide was prepared by reacting 
3.34 g bromobenzene in 35 ml anhydrous ether with 0.5 g magnesium metal 
in a 100 ml 3 neck flask equipped with a magnetic stirrer, heating 
mantle, condenser, drying tube, and a dropping funnel. A solution of 
2.3 g 2,3-diphenylindanone (12a) in 10 ml benzene was added over a 20 
min period. The solution was refluxed 1 hr, then poured into 50 ml 
20% ammonium chloride solution. The ether layer was separated and 
washed with 20 ml water. The water layer was extracted with 2 x 25 ml 
of ether. The etheral fractions were combined, dried over anhydrous 
Na 2so4 , and stripped of solvent by vacuum evaporation leaving 2.3 g of 
residue. The residue was dissolved in 25 ml 5% benzene-hexane and 
chilled, but yielded an oil instead of crystals. The residue was 
stripped of solvent and chromatographed on 20 g silicic acid yielding 
0.2 g biphenyl, identified by an undepressed melting point when mixed 
with an authentic sample of biphenyl, 0.4 g (18%) starting material, 
identified by an undepressed melting point when mixed with an authentic 
sample of the starting material; and 0.2 g (7%) 1,2,3-triphenylindene 
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(24), mp 122-126°. Recrystallization of the product from diethyl ether 
yields white prisms, mp 130.5-131° (reported mp 132-134°). 60 
BB. SYNTHESIS OF 3-BENZYL-1,2,3-TRIPHENYLCYCLOPROPENE (21) 
A solution of benzylmagnesium chloride was prepared by reacting 
32 g of benzal chloride in 450 ml ether with 6.0 g magnesium metal. 
A 19.0 g sample of crude 1,2,3-triphenylcyclopropenium bromide (1) was 
added over a 30 min period. The solution was refluxed for 2 hr, then 
poured into 300 ml 10% aqueous ammonium chloride solution. The etheral 
phase was separated and washed with 100 ml water. The aqueous phase 
was extracted with 2 x 100 ml ether. The etheral phases were combined, 
dried over anhydrous Na2so4 , and stripped of solvent by vacuum evapor-
ation. The residue was crystallized from 200 ml 10% benzene-hexane to 
yield 17 g (87%) 3-benzyl-1,2,3-triphenylcyclopropene (11:.) mp 95-102°. 
The product was recrystallized from diethyl ether to yield white 
0 
needles of 21, mp 105-106 • The analysis agrees with the assigned 
structure. 
Anal. calcd for c28H22 : C, 93 .81; H, 6 .19'. Found: C, 93.65; H, 
6.02. 
CC. PHOTOLYSIS OF 3-BENZYL-1, 2, 3-TRIPHENYLCYCLOPROPENE (11:.) 
A solution of 2.0 g of 21 in 550 ml alumina washed hexane was 
photolysed using a pyrex filter for 24 hr. The solvent was stripped 
by vacuum evaporation leaving a partially crystalline residue. A 
sample of the residue was washed on a porcelain plate with hexane to 
give a white solid, mp 108-112°. The remaining residue was crystal-
lized from hexane to yield 0.7 g of a white solid which was recrystal-
lized from ether to yield 3-benzyl-1;,2-diphenylindene ( 26); mp 116.5-
o 0 67 118 (reported mp 118.5-119.5 ) undepressed when mixed with an 
authentic sample of the indene (26). The nmr spectrum of the product 
displays a singlet at 5.82T, a singlet at 4.98T, and a multiplet at 
2.7T with an integral ratio of 2:1:19. The filtrate could not be 
further crystallized. 
DD. PHOTOLYSIS OF 3-BENZYL-1,2,3-TRIPBENYLCYCLOPROPENE (21) 
A solution of 2.0 g of 11 in 550 ml alumina washed cyclohexane 
was photolysed using a pyrex filter for 24 hr to determine if a part 
of the product of photolysis involved insertion into the carbon-
hydrogen bond of a solvent molecule. The solvent was removed by 
vacuum evaporation and the residue was crystallized from hexane to 
yield 0.8 g of crude 3-benzyl-1,2-diphenylindene (26), mp 104-109°. 
The residue was chromatographed.over 25 g silicic acid. Hexane eluted 
0.8 g of fractions of a viscous oil and 0.1 g (5%) 3-benzyl-1,2-di-
phenylindene (26), mp 111-117°, undepressed when mixed with a sample 
of authentic indene. The nmr spectrum of the center fraction of the 
viscous oil displays a singlet at 3.21T, a singlet at 3.12T, and a 
multiplet at 2.8T which overlap one another so that integration of the 
resonance peaks could not be performed. No resonance corresponding to 
67 
a cyclohexyl group was observed in the nmr spectrum. The middle fraction 
of the chromatography elutants was rechromatographed on 25 g silicic 
acid and the middle fraction of the second chromatography elution was 
prepared for analysis. The analysis indicates that the product is mono-
meric and is isomeric with the starting material. It is assigned as 
27. 
Anal. calcd for c28H22 : C,_ 93.81; H, 6.19; mw, 360; Found 
C, 93.90; H, 6.06; row, 345. 
EE. PHOTOLYSIS OF 3-BENZYL-1,2,3-TRIPHENYLCYCLOPROPENE (21) 
A solution of 2.0 g of 21 in 550 ml alumina washed hexane was 
photolysed using a pyrex filter for 24 hr. The solution was stripped 
of solvent and· the crude material was analysed by nmr spectroscopy. 
A singlet at 5.92T, a singlet at 4.98T, and a multiplet at 2.7T was 
observed with an integral ratio of 2:1:42. Since the ratio of the 
indene is 2:1:19, the indene resonance integral is calculated to be 
ca. 47% of the total aryl proton integral. 
The residue was crystallized from 50 ml benzene-hexane to yield 
68 
0 0.8 g (40%) 3-benzyl-1,2-diphenylindene (26), mp 113-116 • The product 
was recrystallized from ethyl ether to yield white prisms, mp 116-
0 117.5 • 
The filtrate was stripped of solvent and the residue was chromato-
graphed on 100 g silicic acid. Hexane eluted 0.15 (7.5%) of a viscous 
oil and 0.15 g (7.5%) of the indene 26, mp 110-115°, identified by 
mixed melting point and infrared spectrum comparisons with an authentic 
sample. Finally, ether eluted ca. 0.05 g (2.5%) of a viscous gum. 
The viscous oil was dissolved in 3 ml ethanol and allowed to sit 
at room temperature. Approximately 5 mg (0.2%) of white needles of 
0 25, mp 149-152 , precipitated. The ultraviolet spectrum of the product 
shows ~~ane at 245 m l.1 and no absorbance above 260 m l.1 suggesting 
that the product does not have a stilbene chromophor. The compound 25 
is tentatively assigned the structure of 1,2,3-triphenylnaphthalene 
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0 68 (mp 153-154 ) • Upon allowing the solution to stand~· 50 mg (2,5%) 
of 3-benzyl-1,2-diphenylindene (26) precipitated. Upon chilling of the 
solution, a residue precipitated which became a viscous oil upon warm-
ing to room temperature. By wgshing the precipitate with cold ethanol 
on a porcelain plate that had been first chilled with liquid nitrogen, 
a white crystalline solid was obtained, mp 36-75°. The precipitate 
was recrystallized from ethanol cyclohexane, hexane, and benzene-hexane, 
but still became a viscous oil upon warming to room temperature. Re-
crystallization of the crystalline material failed to alter its melting 
range. It is a mixture of the isomers of 27. 
FF. SYNTHESIS OF 3-BENZYL-1,2-DIPHENYLINDENE (26) 65 •66 
A solution of 10 g desoxybenzoin (~) in 75 ml ~-propanol and 1 
66 67 
ml acetic acid was photolysed ' in a 100 ml 3 neck flask (pyrex) 
equipped with a magnetic stirrer, condenser, and nitrogen purge •. A 75 
watt Hanovia lamp was used for 24 hr. The product was filtered at 
room temperature to yield 1.4 g (14%) desoxybenzoin pinacol (29), mp 
0 0 66 190-200 (reported mp 213 ) • 
A 1.0 g sample of the desoxybenzoin pinacol (29) was dissolved in 
4 ml of acetyl bromide and refluxed 1 h;r. 65 The mixture was poured 
over ice, filtered, and the precipitate crystallized from acetic acid 
to yield 0.3 g (27%) 3-benzyi-1,2-diphenylindene (26), mp 116-117.5° 
(reported mp 118-119°). 65 
GG. PHOTOLYSIS OF 3-BEN2YL-1,2-DIPHENYLINDENE (26) 
A solution of 1.2 g of semipure 3-benzyl-1,2-diphenylindene (~), 
mp 107-110°, in 550 ml alumina washed hexane was photo lysed for 40 hr:. 
70 
The solution was stripped of solvent by vacuum evaporation leaving a 
0 
solid residue, mp 85-102 • A sample of the product was washed with 
ether on a porcelain plate to give white crystals, mp 111-114°, uncle-
pressed when mixed with an authentic sample of 3-benzyl-1,2-diphenyl-
indene (1§), the starting material. It is therefore concluded that 
the indene is not appreciably rearranged by photolysis and is there-
fore not formed and subsequently converted to other products in the 
original photolysis of the 3-benzyl-1,2,3-triphenylcyclopropene (26). 
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APPENDIX 
TETRAHEDRANE AND BICYCLOBUTANE INVESTIGATIONS 
An extensive review of the chemistry of bicyclobutane compounds 
was recently published by Wiberg. 73 The bicyclobutane system is of 
interest as a potential precursor to a tetrahedrane. 
Tetrahedrane was first reported in the literature by Beeseley and 
Thorpe 74 , 75 in 1913 and again in 1920 (rn 65). 
/' CHB reo 2E t 





CRBrC02Et ( 65) 




However, the reaction could not be repeated by a graduate student of 
76 77 . 78 Woodward ' nor by W~berg. Furthermore, in a private communication 
79 
with Woodward, Beeseley denied having worked on the problem. 
In 1965, production of a tetrahedrane was again reported~ this time 
by Masamune and Kato4• Diphenylcyclopropeny1 diazomethane was photo-







hv ( 66) 
.. 
Ph~Ph A Ph -Ph 
The following year, the structure was reassigned to cyclobutenophen-
anthrene (rn 67) on the basis of the ultraviolet spectrum A 245 m ~ 
max 
(loge 4.57), 253m~ (log ·€ 4.66), 270m~ (loge 4.10), 278m~ 




H C=N=N A hv . ... 
Ph- Ph 
9,10 dimethylphenanthrene. 5,80 
( 67) 
-
An analogus reaction run by Obata and Moritani37 on diphenylcyclopro-
penyl methyl diazomethane yielded tolane and methyl acetylene (rn 68). 
NaOMe 
... 





Ph . Ph 
-N 2 
( 68) 
Structural evidence of a tetrahedrane radical cation intermediate 
existing during mass spectroscopy fragmentation of tetraarylcyclo-
pentadienone (rn 69) 81 , 82 and tetraarylthiophene-1,,.1-dioxide (rn 70) 83 
has recently been reported. Loss of carbon monoxide in the former 
case and of sulfur dioxide in the latter yields an intermediate which, 
on further fragmentation yields an intermediate which, upon further 
















When ~l = ~3 = ,e-F-C6H4- and <1> 2 = <1>4 = c6H5-, fragments whose mass to 
electron ratios correspond to F-c6H4c-c-c6H4-F, F-c6n4-c-c-c6H5, and 
c6H5-c-c-c6H5 are observed. 
Recently, a tetrahedrane intermediate has been postulated in the 
84,85 photolytic addition of carbon suboxide to cyclopropene (rn 71) • 
Use of 3,3-d-cyclopropene yields acetylene, deuteroacetylene, and di-
deuteroacetylene in a 1:4:1 ratio. The carbon suboxide is postulated 
to lose carbon monoxide to form a carbonyl carbene which adds to the 
cyclopropane and loses another carbon monoxide to form a bicycle-
81 
butane carbene. The carbene then inserts into the C-D bond across the 
ring to form a tetrahedrane which fragments into two acetylenes. 
(71) 
X= H, D 
1 : 4 1 
A finite lifetime for the tetrahedrane is postulated on the fact that 
the acetylenes have a statistical distribution of deuterium. 
To date, no stable tetrahedrane has been isolated. A few papers 
have been published regarding the theoretically calculated stability 
of tetrahedrane, but no conclusion can be reached regarding the fea-
sibility of synthesizing a stable specimen of the structure. Weltner86 
concludes that tetrahedrane should be more stable than cubane, a known 
87 88 
structure. ' Contrary to Waltner's conclusions, Baird and Dewer89 
conclude that tetrahedrane is unstable because there is no energy dif-
82 
ference between tetrahedrane and the bicyclobutane diradical • 
.. 
.. 
The latter would polymerize. Baird and Dewer further contend that any 
substitution of the tetrahedrane would stabilize the diradical form, 
thus, enhancing the opening of the tetrahedrane. 
Calculations by Buenker and Peyerimhof£90 indicate that, by use of 
simple SCF MO calculations, tetrahedrane is more stable than cyclobuta-
diene by 10 kcal/mol. If, however, configuration interaction para-
meters are incorporated into the calculations, tetrahedrane is less 
stable than cyclobutadiene by 70 kcal/mol 
The most stable C-C bond length for tetrahedrane was computed by 
Buenker and Peyerimhoff90 to be 1.560 R while Weltner86 calculated this 
length to be 1.48 R. Thus, the computed estimates of the stability of 
tetrahedrane vary with bond lengths, interaction parameters, and the 
type of molecular orbital calculation used to make the estimate. 
4 5 A system closely related to tetrahedrane, the tricyclo (1,1,0 ' ) 
pentane system, differing from tetrahedrane by one additional carbon, 
91 . 92 has been synthesized by Masamune, Doering and Pomerantz, and by 
93 Closs and Larrabee by intramolecular carbene addition to a cyclopro-
pene of cyclobutene (rn 72,73), a reaction similar to that used by 











.. ( 73) 
The bicyclobutane system consists of two cyclopropanes fused 
together and sharing a common edge. It has some of the structural 
characteristics of tetrahedrane. Closure of the ends of the M.cyclo-
83 
butane would lead to a tetrahedrane. Thus, bicyclobutane is a poten ti.a 1· 
precursor to a tetrahedrane. Furthermore, the reactions involved in 
the closure of a cyclobutane to a bicyclobutane offer suggestions fo.r 
the closure of a bicyclobutane to a tetrahedrane. 
The two bicyclobutane syntheses most commonly seen in the liter-
ature involve 1,3 closure of a cyclobutane and carbene addition to a 
cyclopropene. 
Although several reports of synthesis of bicyclobutanes appear i.n 
. 74 75 94 95 96 . the early l1terature, ' ' ' ' the fJ.rst authentic example of this 
98 
structure was prepared by Wiberg and Ciula by dehydrohalogenation of 






The reaction yield is 20%, but is increased to 77% when sodium hydride 
is used as the base and to 90% when the bromide is tertiary in 3-
methyl-3-bromocyclobutanecarboxylate ethyl ester (rn 75) 98 , 99 • 
1 G> 




A series of 3-iodocyclobutane nitriles were similarly converted to 
bicyclobutane nitriles by transannular dehydrohalogenation using 
sodium hydride (rn 76) 100 • 
RJ3 Rl = H, Me NaH .. ~~C~CN· R2 = H, Me CN 
R2 H Rl , R2 
R3 = H, Me 
( 75) 
(76) 
A simple Wurtz reaction effected closure of l-chloro-3-bromocyc1obutane 
to b~cyclobutane itself (rn 77) 101 • 
C1 
D Na (77) 
Br 
and electrolysis has been successfully employed in closure of 1,3-
dimethyl-1,3-dibromocyclobutane ( rn 78) 102 and 2,4-dicarbomethoxycy-
clobutane-1,3-dicarboxylate in a Ko.lbe electrolysis ( rn 77) 103 . 
Me 
_pBr eiect Me ~Me zee .. Me 
-2Bre Br 
( 78) 
H C02H ~2Me ~21 ffifol H elect -.2EG ... 
-zco H C02Me 2 H C0 2Me 
(79) 
Transannuiar insertion into a carbon-hydrogen bond occurs when cycle-
butylamine is diazotized and bicyclobutane is formed (rn 80) 104 . 
NH u 2 HNOz ~ ( 80) 
The addition of a carbene to an alkyne to form a cyclopropene 
followed by a second carbene addition to form a bicyclobutane, has also 
been reported in numerous articles in the literature. Addition of 
diazomethane to dimethylacetylene produces 1,2-dimethylc~clopropene 
which reacts with another diazomethane to form 1,3-dimethylbicyclo-
105 butane (rn 81) . Reaction of difluorocarbene with the fluorocarbon 
analog, di(tri.fluoromethyl)acetylene, yields the analogus fluorocarbon 




CH2N~ A CH2N2 ... Me Me Me~Me (81) 





.. F3c~CF3 3 - 3 .... 
F F (82) 
Several bicyclobutane-2,4-dicarboxylate esters have been formed by 
the. action of a diazoacetate ester on an acetylene forming a cyclopro-
penecarboxylate ester which is treated with a second diazoacetate ester 




I R -c=c-R + N -c-eo -a: 2 - 3 2 2-L 
R1 = Me, Et 
R2 = Ph, R3=Me 
R2 = R3 = Ph, Et, n-Pr, g-Bu 
Cu 
( 83) 
The resulting bicyclobutanes exist in three isomeric forms de-
. . 112 113 114 scr~bes as~-~ (I),~-~ (II), and ~-endo (III) ' ' . 
87 
H H 
Ph I Ph II 
III 
Ph 
The triple isomerism is a result of the fact that the molecule is not 
. 115 0 planar, but bent at an angle of 126+ 3 so that two forms of the cis 
isomer exist. 
The bridge .bond of most bicyclobutanes is very reactive and under-
goes reactions ~imilar to those of ~ bonds •. Free radical reaction with 
methylbicyclobutane-1-carboxylate results in polymerization to form a 
chain of cyclobutanes (rn 84) 99 • 
R· 
(84) 
Carbene addition to a bicyclobutane may add 1,3 across the bridge or 
99 
may open the molecule to a butadiene (rn 85,86) • 
88 
+ vv (85) 
AA (86) 
CC12 
Catalytic hydrogenation adds the elements of hydrogen across. the. bridge-
head (rn 87) 98 , 109 • 
~ OOf"e H2/Pt HO I II .... CH -CH -C-C-OMe 3 2 
Me 
(87) 
Me~ Me HzlPt H I .. CR -CH -C-Me 3 2 1 
Me 
However, 1,3-diphenylbicyclobutane-2,4-dicarboxylate dimethyl ester was 
purified by hydrogenation of the impurities to make them more readily 
separable from the bicyclobutanes.~16 Thus, the 1,3-diphenylbicyclo-
butane-2,4-dicarboxylate ester is stable to the hydrogenation conditions 
used in purification which may mean that bicyclobutanes are stabiliz.ed 
by phenyl groups in the 1 and 3 positions. However, insufficient work 
has been done as yet· to establish the stabilizing effect'of aryl groups. 
The bridge activity is postulated to be the result of bridge car-
bons using ..E orbitals to form the bond. The ultraviolet spectrum of 
3-methylcyclopropene-1-carboxylate ester resembles that of an a,s un-
116 13 
saturated ester. The C -:H spin-spin coupling constants for the 
bridge carbons are forty percent ~ in character ind-icating !!P..2 and 
ever partially~ hybridizatio~, thereby supporting the theory that 
the bridge is made of ~ orbitals that overlap at an angle. 
The bonding is quite different from that used in normal carbon-carbon 
single bonding. If such. bonding were used in the formation of a hy-
pathetical tetrahedrane, molecular orbital ~alculations assuming nor-
mal sigma 'bonding may not give an accurate picture of the mo.lecule. 
89 . The calculations of Baird and Dewer which predict that no te-tra-
hedrane can exist except in a matrix at very low temperatures may be 
in error. The existance of a stable or semi-stable tetrahedrane may 
be possible. 
A series of exploratory experiments were preformed investigating 
possible routes to the synthesis of a tetrahedrane system. Two ap-
proaches wer~ considered, clos~re of a 2,4 disubstituted bicyclobutane 
and internal addition across the .double bond by a cyclopropenyl car-
bene. The s.uccessful closure of a cyclobutane-1,3-dicarboxylate to a 
bicyclobutane via electrolysis qy·Vellturo and Griffin103 suggests 
electrolysis of a bicyclobutane-2,4-dicarboxylate as a possible entry 
into the tetrab.edrane system. Since· D'yakanov, Razin, and Komendan-. 





bicyclobutane-2,4-dicarboxylate by reaction of methyl diazoacetate with 
methyl 1,2-diphenylcyclopropene-3-carboxylate in the presence of copper 
powder catalyst, the addition of ethyl diazoacetate to ethyl 1,2~di­
phenylcyclopropene-3-carboxylate was attempted as a means of synthesiz-
ing 1,3-diphenylbicyclobutane-2,4-dicarboxylic acid. 
The synthesis of ethyl-1,2-diphenylcyclopropene-3~carboxylate by 
reaction of tolane with ethyl diazoacetate at 140° in the presence of 
copper powder is reported by Breslow, Winter, and Battiste22 to pro-
ceed in 25% yield. An effort was made to improve the yield of the 
desired product. Use of a 7~ fold excess of ethyl diazoacetate did 
not alter the yield of the product. Decomposition of the ethyl dia-
zoacetate by ultraviolet light in the presence of tolane yielded no 
cyclopropenecarboxylate. Furthermore, the cyclopropenecarboxylate was 
found to be unstable to ultraviolet light. Room temperature decompo-
sition of ethyl diazoacetate by catalysis with a complex of cuprous 
chloride and trimethylphosphite, was reported in the literature117 and 
was employed in the reaction between ethyl diazoacetate. The yield of 
the desired cyclopropene carboxylate ester was only 8.5% by use of the 
lower temperature catalytic decomposition of the diazo ester. Thus, 
the synthetic approach reported by Breslow, Winter, and Battiste22 
was found to be the most suitable approach to the synthesis of ethyl-· 
1,2-diphenylcyclopropene-3-carboxylate. 
Ethyl 1,2-diphenylcyclopropenecarboxylate was subjected to treat-
a 
ment with ethyl diazoacetate using, in one case copper powder and 1?5 
temperature, and in the other case the cuprous chloride-trimethyl-
phosphite catalyst at 50-60°. In each case, no bicyclobutane product 
91 
was obtained. Chromatography of the reaction product on either fluors il 
or alumina eluting with hexane, benzene, ether, and ethanol resulted 
in loss of ca. 75% of the material on the column. Analysis of the 
eluted product, which was a viscous oil which could not be crystallized, 
by nmr spectroscopy indicates that the ratio of ethyl groups to phenyl 
groups is E:· 4~: 1 thereby suggesting that multiple addition of the 
carbethoxycarbene intermediate to the ethyl 1,2-diphenylcyclopropene-
3-carboxylate. The approach to the bicyclobutanedicarboxylate synthesis 
was not further investigated. 
Since ethyl 3-bromobutane-1-carboxylate reacts with strong base 
96 97 98 to form ethyl bicyclobutanecarboxylate ' ' an attempt was made to 
form ethyl 4-bromo-1,3-diphenylbicyclobutane-2-carboxylate by the 
reaction of ethyl 1,2-diphenylcyclopropene-3-carboxylate with benzal 
bromide and potassium !-butoxide to determine if the product would 
react with a strong base to form ethyl triphenyltetrahedranecar-
boxylate (rn 88). 













A 3 fold excess of potassium !-butoxide was used with the benzal chlo-
ride to see if the tetrahedrane would form directly. The prod~cts were 
not crystallizable. Chromatography of the reaction mixture on fluorsil 
resulted in a loss of ca. 75% of the material on the column, which was 
eluted with hexane, benzene, ether, and ethanol. The products that 
were eluted were not pure and could not be crystallized or identified. 
A reaction between ethyl 1,2-diphenylcyclopropene-3-carboxylate 
and benzyl chloride in an attempt to form either ethyl 1,3-diphenylbi-
cyclobutane-2-carboxylate or ethyl 3-benzyl-1,2-diphenylcyclopropene-3-
carboxylate was attempted (rn 89). 





The reaction resulted in an alcohol exchange in the ester to form t-
butyl 1, 2-diphenylcyclopropene-3-carboxylate, mp 87-88°. 
Triphenylcyclopropenyl !-butyl ether was treated with ethyl dia-
zoacetate in an attempt to form ethyl 4-~-butoxy-1,3,4-triphenylbi-
cyclobutane-2-carboxylate with the objective of cleaving the ether with 
HBr to form the bromide followed by closing the system to ethyl tri-
phenyltetrahedran~carboxylate with sodium hydride (rn 90). 
Ph OtBu 
.. Ph Ph HBr 
H co 2Et 
(90) 
... NaH Ph 
The attempted reaction yielded mostly starting material. 
4 Masamune and Kato's approach to tetrahedrane by formation of a 
93 
cyclopropenyl methylene was considered in an attempt to form tetraphenyl· 
tetrahedrane. Triphenylcyclopropenium bromide was converted to 3-
benzyl-1,2,3-triphenylcyclopropene by reaction with benzylmagnesium 
chloride. An attempt was made to effect a diazo transfer118 to the 
benzyl -CH2- grou~ by reaction of ~-toluenesulfonyl azide and base with 











Use of tr~ethylamine, sodium hydride, and potassium!-butoxide as the 
base for the transfer failed to effect the desired diazo transfer. The 
3-benzyl-1,2,3-triphenylcyclopropene was then treated with butyl lithium 
and quenched with n2o to determine if butyl lithium was a strong enough 
base to effect the removal of the benzyl protons since removal of such 
protons are necessary if diazo transfer is to take place. The nmr 
analysis of the residue after treatment of the cyclopropene with butyl 
lithium and n2o showed the benzyl to aryl proton ratio remaining at 
2:20. The reaction was repeated using reflux temperatures in an ether 
solvent. The molecule was found to have rearranged. Thus, it was 
concluded that diazo transfer could not be effected by conditions that 
would not rearrange the cyclopropene. The diazo transfer approach was 
not further investigated. 
A sample of 3-benzyl-1,2,3-triphenylcyclopropene was treated with 
one and two equivalents of N-bromosuccinimide respectively in an 
attempt to form triphenylcyclopropenyl phenyl bromomethane and tri-
phenylcyclopropenyl phenyl dibromomethane respectively as possible 
precursors to tetrahedrane. The resulting molecules would have been 
treated with a strong base and with zinc metal respectively in an 
attempt to form triphenylcyclopropenyl phenyl carbene.which might form 





PA2-Ph I NBS N.BS P/JPh Br 
.. .. 
-
Ph Ph Ph 
~ Zn (92.) 
.. .. Ap 
... 
PAPh 
p p Ph Ph 
The molecule was found to have rearranged after treatment with N-bromo-
succinimide as the ultraviolet spectrum of the product displayed no 
cyclopropene chromophor in the region of 300-320 m ~· 
Triphenylcyclopropenyl azide is reported to form from the reaction 
of triphenylcyclopropenium bromide with sodium azide and to rearrange 
35 36 
at a moderate rate to triphenyltriazine at room temperature. ' 
Photolysis of the triazine yields tolane and benzonitrile. If the 
triphenylcyclopropenyl azide can be decomposed to triphenylcyclopro-
penyl nitrene, it may form the nitrogen analog of a tetrahedrane, tri-
phenylazatetrahedrane (rn 93). 
Ph N3 
Ph A Ph 
.. 
Ph N 
hv A ... 
-N2 -
Ph h 
The synthesis of the triphenylcyclopropenyl azide was repeat~d and the 
product was kept at ice bath temperature and immediately photolysed 
using a 450 watt Hanovia lamp in a water cooled quartz immersion well. 
The products of the photolysis were found to be the same as those 
obtained when the triphenyltriazine was photolysed, tolane and benzo-
nitrile. 
The investigation of possible routes of tetrahedrane synthesis 
was not further investigated. Since the immediate precursors to a 
tetrahedrane could not be made by the routes investigated, it is not 
possible to comment on the feasibility of producing a tetrahedrane 
by the approaches considered. 
:1.93964 
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